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Infec t ious  bovine  rh inot rache i t i s  ( IBR)  was  f i r s t  recognized  
as  a  d i s t inc t  d isease  of  ca t t le  dur ing  the  ear ly  1950 ' s  (170 ,  238) .  
However ,  McKercher  (156)  demonst ra ted  tha t  a  d i sease  which  had  been  
known in  Europe  s ince  1890 as  Blaschenausschlag  (co i ta l  exanthema)  
was  caused  by  IBR v i rus  ( IBRV).  In fec t ion  wi th  IBRV resu l t s  in  
d iverse  d isease  mani fes ta t ions  tha t  inc lude  resp i ra tory  d isease  (146) ,  
conjunct iv i t i s  (1) ,  vu lvovagin i t i s  (119) ,  ba lanopos th i t i s  (69) ,  
abor t ion  (188) ,  meningocephal i t i s  (57) ,  a l imentary  t rac t  d isease  
(67)  and  fa ta l  sys temic  in fec t ion  (211) .  Kahrs  (105)  recent ly  
rev iewed IBR.  
Cont ro l  o f  IBRV by  management  p rac t ices  has  been  l imi ted  by  
the  wor ldwide  d i s t r ibu t ion  of  the  v i rus  in  both  ac t ive  and  la ten t  
forms.  Main tenance  of  an  IBR d i sease  f ree  herd  requi res  tha t  only  
IBR se ro-negat ive  an imals  can  be  added  to  the  herd .  Spec ia l iza t ion  
of  ca t t le  product ion  prac t ices  has  e l imina ted  most  c losed  herds  and  
has  necess i ta ted  tha t  d i sease  cont ro l  e f for t s  be  based  on  the  use  of  
vacc ines .  
Vacc ines  for  IBR have  been  ava i lab le  s ince  1956 when Schwar tz  
e t  a l .  (239)  in t roduced  an  in t ramuscular  modi f ied  l ive  v i rus  (MLV) 
vacc ine .  Subsequent  research  has  resu l ted  in  development  and  pro­
duct ion  of  formal in-k i l led  vacc ines  (299)  and  in t ranasa l ly  adminis te red  
MLV (272)  and  tempera ture-sens i t ive  (TS)  MLV vacc ines  (302) .  The  IBR 
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vacc ines  have  been  wide ly  accepted  and  mi l l ions  of  doses  have  been  
adminis te red  annual ly .  Vacc ina t ion  of  pregnant  cows wi th  an  in t ra ­
muscular  MLV vacc ine  was  cont ra indica ted  because  of  vacc ine  induced  
abor t ion?  (116 ,  152 ,  172 ,  213) .  Fur thermore ,  the  use  of  in t ra ­
muscular  MLV vacc ine  was  cont ra indica ted  in  ca lves  nurs ing  sero­
negat ive  cows because  of  the  contac t  t ransmiss ion  of  IBRV to  the  cows 
wi th  the  subsequent  occur rence  of  IBRV abor t ions  (116) .  In t ranasa l  
vacc ina t ion  resu l ted  in  mi ld  resp i ra tory  t rac t  infec t ion  (106 ,  159)  
and  shed  of  v i rus  f rom the  resp i ra tory  t rac t  (60 ,  159 ,  272 ,  274 ,  303) .  
La tera l  t ransmiss ion  of  in t ranasa l  vacc ine  v i rus  was  demonst ra ted  
(133)  when 24% and  40% of  contac t  cont ro ls  seroconver ted  fo l lowing  
in t ranasa l  vacc ina t ion  of  ca t t le  in  f ie ld  t r ia l s .  Formal in-k i l led  
vacc ines  have  been  c r i t i c ized  because  of  po ten t ia l  hypersens i t iv i ty  
reac t ions  (104) .  Kucera  e t  a l .  (133)  repor ted  tha t  83% of  in t ra ­
nasa l  TS vacc ina tes  seroconver ted  fo l lowing  vacc ina t ion ,  whi le  
Kel l ing  e t  a l .  (115)  repor ted  less  than  50% of  in t ramuscular  MLV 
vacc ina tes  developed  serum neut ra l iz ing  (SN)  an t ibody t i t e rs .  Lack  
of  immuni ty  fo l lowing  vacc ina t ion  was  demonst ra ted  by  fa i lure  to  
prevent  IBRV induced  resp i ra tory  d isease  in  ca t t le  (42 ,  94 ,  99) .  The  
use  of  l ive  v i rus  vacc ines  must  be  ques t ioned  because  of  the  poss ib le  
es tab l i shment  of  l a ten t  or  chronic  IBRV in fec t ion  in  vacc ina tes .  
Davies  and  Duncan  (45)  de te rmined  tha t  most  ca t t le  tha t  developed  
IBRV spec i f ic  humora l  an t ibodies  fo l lowing  na tura l  in fec t ion  or  
vacc ina t ion  wi th  l ive  v i rus  vacc ines  were  l a ten t ly  infec ted .  La ten t  
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vi rus  was  recrudesced  exper imenta l ly  by  in jec t ions  of  cor t icos te ro id  
hormones  (48 ,  242 ,  244) ;  o r  na tura l ly  by  suppress ion  of  ce l l -media ted  
immuni ty  wi th  o ther  v i ra l  in fec t ions  (169)  and  envi ronmenta l ly  or  
phys io logica l ly  induced  s t ress .  These  fac t s  have  ra i sed  ser ious  
doubts  about  the  e f f icacy  and  sa fe ty  of  ava i lab le  IBR vacc ines .  
Fur thermore ,  the  safe ty  of  vacc ines  tha t  conta in  l ive  v i rus  or  nuc le ic  
ac ids  has  been  ques t ioned  because  of  po ten t ia l  involvement  in  t rans-
fec t ion ,  oncogenes is  and  pers i s ten t  or  l a ten t  in fec t ions .  
Subuni t  vacc ines  composed  of  on ly  the  necessary  an t igenic  sub-
uni t  requi red  for  evoking  pro tec t ive  immuni ty  a re  poss ib le .  The  
deve lopment  o f  subuni t  vacc ines  has  been  a ided  by  de te rmina t ion  of  
the  immunogenic  charac te r i s t ics  of  ind iv idua l  cons t i tuent  v i ra l  
p ro te ins .  A " sp l i t  vacc ine"  produced  by  d i ssoc ia t ion  of  in f luenza  
v i rus  resu l ted  in  an  e f fec t ive  vacc ine  which  lacked  the  pyrogenic i ty  
tha t  charac te r ized  whole  v i rus  vacc ines  (224) .  Exper imenta l  subuni t  
vacc ines  composed  of  v i rus  envelope  g lycopro te ins  have  been  deve loped  
f rom ves icu lar  s tomat i t i s  v i rus  (114) ,  rab ies  v i rus  (71)  and  Seml ik i  
Fores t  v i rus  (177) .  Inves t iga tors  have  demonst ra ted  humora l  and  
ce l l -media ted  immune responses  a f te r  immuniza t ion  wi th  subuni t  vacc ines  
containing herpesvirus glycoproteins (30, 135, 137, 150, 192, 282, 298). 
The ob jec t ives  in  th i s  research  were  to  develop  a  subuni t  IBR 
vacc ine  and  to  eva lua te  i t s  immunogenic i ty ,  sa fe ty  and  e f f icacy .  
Pre l iminary  s tud ies  were  fac i l i t a ted  by deve lopment  of  a  labora tory  
model  o f  in fec t ion .  
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Explana t ion  of  Disser ta t ion  Format  
This  d i sser ta t ion  cons is t s  of  an  in t roduct ion ,  a  l i t e ra ture  
rev iew,  four  separa te  manuscr ip ts ,  a  genera l  conclus ion . ,  re fe rences  
and  acknowledgments .  The  Ph .D.  candida te ,  Haro ld  Wayne  Lupton  i s  
the  sen ior  au thor  and  pr inc ipa l  inves t iga tor  for  each  of  the  
manuscr ip ts .  He a l so  per formed a l l  of  the  exper imenta l  p rocedures  
which  a re  repor ted  in  the  manuscr ip ts  wi th  only  l imi ted  ass i s tance  
f rom the  co-authors .  
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LITERATURE REVIEW 
Infec t ious  Bovine  Rhinot rache i t i s  Infec t ion  
The  l i t e ra ture  of  IBRV in fec t ion  has  been  rev iewed ex tens ive ly  
(25 ,  51 ,  98 ,  105 ,  154 ,  157 ,  160 ,  173 ,  215 ,  232 ,  252 ,  295) .  Cons is ten t  
wi th  the  charac te r i s t ics  of  o ther  herpesvi ruses ,  IBRV rep l ica tes  
in  a  wide  range  of  ce l l  types  and  produces  a  var ie ty  of  d i sease  syn­
dromes  in  ca t t le .  The  d i sease  syndromes  of  IBRV in fec t ion  a re  
mani fes ted  e i ther  as  d i s t inc t  syndromes ,  as  a  complex  of  these  
syndromes  o r  as  c l in ica l ly  inapparent  in fec t ions  tha t  a re  caused  by  
an t igenica l ly  homologous  v i rus  s t ra ins  (1 ,  7 ,  58 ,  63 ,  65 ,  85 ,  142 ,  
156, 164,  167 ,  168, 174,  203 ,  287) .  
Respi ra tory  t rac t  d isease  
The  acute  resp i ra tory  form of  IBRV in fec t ion  i s  res t r ic ted  to  
the  upper  resp i ra tory  t rac t  and  i s  by fa r  the  most  s ign i f icant  d isease  
mani fes ta t ion  of  IBRV in fec t ion  (25 ,  35 ,  64 ,  98 ,  153 ,  160 ,  151 ,  170 ,  
238 ,  289) .  The  d i sease  i s  charac te r ized  by  hyperemia  of  the  nasa l  
and  t rachea l  mucosae  wi th  herpe t ic  pus tu les  tha t  coa lesce  and  become 
u lcera ted .  Necro t ic  ce l lu la r  debr i s  adhere  to  the  u lcera ted  les ions  
forming  f ibr inous  pseudomembranes  which  s lough dur ing  the  l a t te r  
s tages  of  in fec t ion  and  resu l t  in  a  th ick  f ibr inopurulen t  nasa l  d i s ­
charge .  Occas iona l ly ,  in f lammat ion ,  nasa l  secre t ions  and  s loughed  
f ibr inous  pseudomembranes  cause  a  b lockage  of  a i rways  and  resu l t  in  
open-mouthed  brea th ing  by  in fec ted  ca t t le .  
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Vulvovagin i t i s  
Infec t ious  pus tu la r  vu lvovagin i t i s  ( IPV)  has  been  var ious ly  
descr ibed  as  Blaschenausschlag ,  co i ta l  ves icu lar  exanthema,  ves­
icu lar  venerea l  d i sease  and  ves icu lar  vagin i t i s  (53 ,  55 ,  69 ,  91 ,  109 ,  
119 ,  130 ,  156 ,  164 ,  193 ,  254 ,  266) .  Or ig ina l ly  descr ibed  as  a  
separa te  d isease  en t i ty ,  IPV i s  now known to  be  a  d i sease  mani fes ­
ta t ion  of  IBRV in fec t ion .  Vulvovagin i t i s  has  been  repor ted  in  con­
cur ren t  in fec t ions  wi th  conjunct iv i t i s  (95 ,  130) ,  resp i ra tory  t rac t  
d isease  (38 ,  108)  and  abor t ions  (108) .  Vagina l  in fec t ion  i s  charac­
te r ized  by hyperemia  of  the  mucosa  wi th  sequent ia l  format ion  of  
herpe t ic  nodules ,  ves ic les  and  pus tu les  which  coa lesce  to  form a  
f ibr inous  membrane .  Detachment  o f  the  membrane  resu l t s  in  format ion  
of  u lcers  and  a  f ibr inopurulen t  d i scharge .  Infec ted  cows have  vu lvar  
swel l ing  and  exhib i t  pa in  wi th  f requent  ur ina t ion ,  back  a rch ing  and  
t a i l  swi tch ing .  
Evidence  tha t  IBRV in fec t ion  a f fec ts  fe r t i l i ty  adds  increased  
s ign i f icance  to  vulvovagin i t i s  and  ba lanopos th i t i s .  Temporary  
in fer t i l i ty  i s  caused  by  IBRV induced  met r i t i s  (119 ,  120 ,  139)  and  
oophor i t i s  (194) .  There  i s  cont roversy  concern ing  the  e f fec t  of  IBRV 
in fec t ion  on  semen qua l i ty  (3 ,  47 ,  107 ,  194 ,  232 ,  243 ,  290) .  
Balanopos th i t i s  
In  bu l l s ,  the  geni ta l  form of  IBRV in fec t ion ,  resu l t s  in  
pus tu la r  ba lanopos th i t i s  (16 ,  81 ,  90 ,  255 ,  265) ,  o rch i t i s  (109 ,  148) ,  
ep id idymi t i s  (27 ,  109 ,  148)  o r  subc l in ica l  in fec t ion  (90 ,  230 ,  231) .  
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Infec t ious  pus tu la r  ba lanopos th i t i s  i s  charac te r ized  by in f lammat ion  
of  the  mucosa  of  the  penis  and  prepuce  wi th  pus tu le  format ion  and  
development  of  u lcers .  Secondary  bac te r ia l  in fec t ion  and  edema 
occas iona l ly  resu l t  in  t i s sue  adhes ions ,  excess  scar  t i s sue ,  d i s ­
tor t ion  of  the  penis  and  paraphimosis .  
Conjunct iv i t i s  
A mi ld  to  severe  conjunct iv i t i s  o r  kera toconjunct iv i t i s  wi th  
or  wi thout  accompanying  resp i ra tory  s igns  i s  observed  in  ca t t le  
infec ted  wi th  IBRV (1 ,  14 ,  46 ,  55 ,  92 ,  95 ,  199 ,  207 ,  210 ,  262 ,  271) .  
The  conjunct iva l  form of  the  d isease  resu l t s  in  hyperemia ,  in f lam­
mat ion  and  edema of  the  conjunct iva  and  i s  accompanied  by  increased  
lacr imat ion  and  mucous  exudate .  Frequent ly ,  mul t ip le  granular  
papi l lae  form,  coa lesce  in to  herpe t ic  pus tu les  and  deve lop  in to  
u lcera ted  p laques  covered  by  f r iab le  d iphther i t ic  membranes .  
Kera t i t i s  occurs  as  an  ex tens ion  of  edema f rom the  conjunct iva  tha t  
resu l t s  in  a  c louding  of  the  cornea .  Inves t iga tors  have  assoc ia ted  
IBRV wi th  in fec t ious  bovine  kera t i t i s  (206 ,  267)  and  squamous  ce l l  
carc inoma (269) .  The  s ign i f icance  of  IBRV in  these  d iseases  i s  unknown.  
Abor t ion  
Abor t ions  occur  fo l lowing  c l in ica l  o r  subc l in ica l  IBRV in fec t ion  
in  pregnant  cows (36 ,  41 ,  108 ,  124 ,  142 ,  227 ,  228)  o r  fo l lowing  
vacc ina t ion  wi th  in t ramuscular  IBRV vacc ines  ( see  in t ramuscular  MLV 
vacc ines) .  Abor t ions  assoc ia ted  wi th  na tura l  d i sease  outbreaks  have  
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been  res t r ic ted  unt i l  recent ly  to  the  Nor th  Amer ican  cont inent  (56 ,  
112 ,  245) .  This  may be  due  in  par t  to  the  fac t  tha t  abor t ions  a re  
not  common sequelae  to  vulvovagin i t i s  (51)  which  i s  the  predominant  
form of  IBRV in fec t ion  observed  in  o ther  par t s  of  the  wor ld .  
Rapid  d iagnos t ic  procedures  (212 ,  236)  have  fac i l i t a ted  surveys  
which  have  demonst ra ted  a  h igh  inc idence  of  IBRV induced  abor t ions  
(125) .  Abor t ions  have  been  repor ted  to  occur  dur ing  a l l  3  t r imes ters  
of  pregnancy .  However ,  mos t  abor t ions  occurred  be tween the  5 th  and  
8 th  month  o f  ges ta t ion .  Abor t ions  usua l ly  occurred  be tween 18  and  30  
days  (176 ,  190)  fo l lowing  IBRV in fec t ion  of  the  dam but  longer  incu­
ba t ion  per iods  have  been  recorded  (36 ,  165 ,  176) .  Vi rus  was  cons is ­
ten t ly  i so la ted  f rom p lacenta  and  co ty ledons  fo l lowing  IBRV induced  
abor t ion  (118 ,  122 ,  191) ,  Infec ted  p lacentomes  obta ined  by  cesarean  
sec t ion  (121)  o r  l ess  than  24  hours  a f te r  fe ta l  dea th  (122)  were  normal  
on  h i s to logica l  examinat ion .  Severe  edema and  necros is  of  the  
p lacenta  observed  24  hours  a f te r  fe ta l  dea th  were  nonspec i f ic  changes  
caused  by  fe^^ l  dea th  (121 ,  122 ,  176 ,  191) ,  v i remia  in  the  fe tus  
caused  mul t i foca l  coagula t ive  necros is  of  l iver  and  sp leen  (118 ,  122 ,  
124 ,  191 ,  278)  which  resu l ted  in  fe ta l  dea th .  Abor t ion  occurred  
severa l  days  fo l lowing  fe ta l  dea th  (118 ,  122) ,  
Sys temic  in fec t ion  
A fa ta l  sys temic  IBRV in fec t ion  occurs  in  ca lves  infec ted  in  
u te ro  or  shor t ly  a f te r  b i r th  (10 ,  171 ,  211) ,  The  c l in ica l  and  
pa thologic  mani fes ta t ions  of  sys temic  IBRV in fec t ion  a re  charac te r i s t ic  
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of  sep t icemia .  Affec ted  ca lves  have  u lcers  throughout  the  a l imentary  
t rac t ,  per i ton i t i s ,  f ib r inous  pneumonia  and  mul t i foca l  coagula t ive  
necros is  of  k idney  and  l iver  t i s sue .  
Encephalomyel i t i s  
Sporadic  cases  of  meningoencephal i t i s  a re  a t t r ibu ted  to  IBRV 
in fec t ion  (11 ,  14 ,  57 ,  58 ,  100) .  Affec ted  ca lves  develop  neuro logic  
s igns  inc luding  a tax ia ,  s tumbl ing ,  genera l ized  t remors  and  a imless  
c i rc l ing  fo l lowed by  hyperexc i tab i l i ty ,  convuls ions  and  dea th .  
Encephal i t i s  has  been  reproduced  exper imenta l ly  in  ca t t le  inocula ted  
by  var ious  routes :  in t racerebra l  (57 ,  72 ,  100 ,  101 ,  158) ;  in t ranasa l  
(8 ,  52 ,  58 ,  72 ,  178) ;  ep idura l  (8) ;  o ra l  (52) ;  conjunct iva l  (179) ;  
and  in t ravagina l  (180) .  Neura l  l es ions  inc luded  lep tomeningi t i s ,  
encephalomyel i t i s ,  per ivascular  cuf f ing ,  foca l  g l ios i s  and  sensory  
gangl ioni t i s  (8 ,  11 ,  72 ,  178 ,  179 ,  180) .  
Enter i t i s  
Diar rhea  i s  an  incons is ten t  c l in ica l  f ind ing  in  IBRV in fec t ions  
(35 ,  98 ,  149 ,  160 ,  163 ,  170 ,  214)  and  IBRV has  been  i so la ted  f rom 
feces  (40) .  Calves  in fec ted  wi th  IBRV in  u te ro  or  as  neonates  f re ­
quent ly  develop  u lcers  in  the  a l imentary  t rac t  (10 .  171 ,  211 ,  214) ,  
'However ,  v i rus  has  been  i so la ted  inf requent ly  f rom the  gas t ro in tes t ina l  
t rac t  (166) ,  esophagus  (214)  and  Peyer ' s  pa tches  (67) .  Only  two 
s t ra ins  of  IBRV cons is ten t ly  have  induced  en te r i t i s  (67 ,  68 ,  196 ,  214) .  
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Dis t r ibu t ion  of  IBRV v i rus  j jx  t i s sues  
From the  d iscuss ions  above  i t  i s  apparent  tha t  IBRV has  a  
broad  t i s sue  t ropism and a  d iverse  pa thogenic i ty .  Rozkosny e t  a l .  
(223)  repor ted  tha t  infec t ion  of  the  mucosae  (nasa l ,  vagina l ,  
t rachea l  and  prepucia l )  was  fo l lowed by  a  rap id  one-peak  pa t te rn  
of  v i rus  rep l ica t ion .  Fol lowing  t rans loca t ion  of  the  v i rus  v ia  the  
b loods t ream to  secondary  s i tes ,  v i rus  rep l ica t ion  occurred  in  
a typica l  growth  curve  pa t te rns .  Cl in ica l  changes  as  a  resu l t  of  
v i rus  rep l ica t ion  a t  secondary  s i tes  of  in fec t ion  were  s l igh t  or  
absent ,  except  in  the  newborn .  Fol lowing  inocula t ion  by  nasa l ,  
o ra l ,  vagina l  and  in t ravenous  routes ,  Gra tzek  e t  a l .  (68)  u t i l i zed  
f luorescent  an t ibody t rac ings  to  demonst ra te  a  widespread  d i s t r ibu­
t ion  of  IBRV an t igen  throughout  the  body.  McKercher  e t  a l .  (166)  
demonst ra ted  a  wide  d i s t r ibu t ion  of  IBRV in  t i s sues  fo l lowing  in t ra ­
nasa l  inocula t ion .  A t rans i tory  hematogenous  phase  of  in fec t ion  has  
been  demonst ra ted  (43 ,  45 ,  72 ,  165 ,  223 ,  244) ;  however ,  mos t  ev idence  
for  IBR v i remia  has  been  ind i rec t .  Ross i  and  Kiese l  (216)  added  in_  
v i t ro  ev idence  by  demonst ra t ing  tha t  macrophage  cu l tures  were  no t  
suscept ib le  to  IBRV in fec t ion .  Nar i ta  e t  a l .  (178 ,  179 ,  180)  and  
Bagus t  and  Clark  (8)  demonst ra ted  ascending  neura l  in fec t ions  which  
sugges ted  poss ib le  neura l  t rans loca t ion  of  IBRV,  
Pers i s tence  of  IBRV in fec t ion  
Pers i s ten t  o r  chronic  IBRV in fec t ions  wi th  per iodic  v i rus  ex­
cre t ion  and  recur ren t  d i sease  ep isodes  have  been  demonst ra ted  (17 ,  69 ,  
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91,  220 ,  255 ,  256) .  Cons is ten t  recrudescence  of  IBRV f rom la ten t ly  
infec ted  ca t t le  has  been  demonst ra ted  fo l lowing  cor t icos te ro id  
in jec t ions  (43 ,  44 ,  45 ,  242 ,  244) .  In jec t ions  of  cor t icos te ro ids  have  
been  u t i l i zed  to  de tec t  IBRV venerea l  ca r r ie r  s ta tus  in  breeding  
an imals  (16 ,  48 ,  49 ,  61 ,  131) .  
Immuni ty to  IBRV in fec t ion  
The  pr imary  purpose  of  vacc ina t ion  programs i s  to  e l ic i t  
spec i f ic  humora l  and  ce l l -media ted  immune responses  to  prevent  
in fec t ion .  There  i s  lack  of  agreement  on  the  dura t ion  and  degree  of  
immuni ty  to  IBRV a f forded  by  vacc ina t ion  or  na tura l  in fec t ion  and  on  
the  re la t ionship  of  a  par t icu lar  leve l  of  an t ibody to  the  degree  of  
immuni ty  o r  res i s tance .  I t  has  been  repor ted  tha t  any  SN an t ibody 
induced  by  a  pr imary  IBRV infec t ion  provided  a  long- te rm or  l i fe t ime 
immuni ty  to  subsequent  cha l lenge  wi th  v i ru len t  v i rus  (33) .  In t ranasa l  
vacc ines  were  deve loped  and  advoca ted  because  they  evoked loca l  
secre tory  an t ibody and  in te r fe ron  secre t ion  which  provided  "a  more  
comple te  immuni ty"  a t  the  na tura l  s i t e  of  in fec t ion  (272 ,  273 ,  274 ,  
275) .  Unfor tuna te ly ,  pers i s ten t  o r  la ten t  IBRV in fec t ions  have  occurred  
in  the  presence  of  SN an t ibodies  and  v i rus  was  recrudesced  wi th  cor t i ­
cos te ro id  in jec t ions  (43 ,  242 ,  244) .  
Rouse  and  Babiuk  (220)  recent ly  rev iewed the  immune mechanisms 
of  recovery  f rom herpesvi rus  in fec t ions  and  emphas ized  ce l lu la r  
immuni ty .  A recent  se r ies  of  papers  provided  in  v i t ro  evidence  tha t  
ce l l -media ted  immuni ty  i s  impor tan t  in  recovery  f rom IBRV in fec t ion  
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(5 ,  217 ,  218 ,  219 ,  221 ,  222). However ,  i t  i s  not  present ly  poss ib le  
to  eva lua te  the  in  v ivo  ro le  of  these  mechanisms.  
Hos t  range  for  IBRV in fec t ion  
Natura l  in fec t ions  wi th  IBRV have  been  descr ibed  in  goa ts  (175) ,  
swine  (50 ,  187 ,  233) ,  wi ldebees t  (276) ,  water  buf fa lo  (263) ,  mink  and  
fe r re t s  (201) .  Exper imenta l  in fec t ions  have  been  es tab l i shed  in  goa ts  
(162) ,  swine  (181 ,  293) ,  fe r re t s  (253) ,  mule  deer  (34)  and  rabbi t s  
(4 ,  15 ,  28 ,  117 ,  195 ,  254) .  Sero logic  s tud ies  ind ica ted  tha t  IBRV 
in fec t ions  may ex is t  in  many addi t iona l  spec ies  (2 ,  12 ,  59 ,  76 ,  110 ,  
135, 208, 225, 226, 260, 270). 
Exper imenta l  IBRV in fec t ion  in  rabbi t s  has  resu l ted  in  d iverse  
d isease  mani fes ta t ions .  Bindr ich  (15)  produced  vulvovagin i t i s  and  
conjunct iv i t i s  in  rabbi t s  wi th  IBRV but  was  unable  to  se r ia l ly  t ransfer  
in fec t ion .  Armst rong  e t  a l .  (4)  produced  dermal  in f lammat ion  and  
t es t icu lar  necros is  wi th  IBRV but  concluded  tha t  the  reac t ions  were  
a  tox ic  response  and  not  due  to  v i rus  rep l ica t ion .  Bwangamoi  and  
Kaminjo lo  (28)  i so la ted  IBRV f rom dermal  and  t es t icu lar  les ions  in  
rabbi t s .  Kel ly  (117)  provided  e lec t ron  microscopic  ev idence  of  
herpesvi rus  rep l ica t ion  in  the  l iver  and  the  adrena l  g lands  of  IBRV 
in fec ted  rabbi t s .  Kel ly  (117)  sugges ted  tha t  the  neonata l  rabbi t  
may be  usefu l  as  an  exper imenta l  hos t  for  s tud ies  on  the  pa thogenes is  
of  IBRV in fec t ion .  
Smi th  (253)  s tud ied  the  pa thogenes is  of  IBR in  Engl i sh  fe r re t s  
and  s ta ted  tha t  fe r re t s  a re  a  po ten t ia l  l abora tory  model  o f  in fec t ion .  
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Van Houwel ing  (277)  de te rmined  tha t  the  goa t  was  unsa t i s fac tory  as  
a  l abora tory  model  o f  in fec t ion .  S tudies  of  IBR pa thogenes is  and  
vacc ine  eva lua t ion  cur ren t ly  a re  l imi ted  to  ca t t le .  
Infec t ious  Bovine  Rhinot rache i t i s  Vacc ines  
The  propagat ion  of  IBRV in  ce l l  cu l ture  (146)  made  deve lopment  
of  an  IBR vacc ine  feas ib le .  York  e t  a l .  (296 ,  297)  exper imenta l ly  
reproduced  IBRV in fec t ion  in  ca t t le  wi th  ce l l  cu l ture  v i rus  and  
de te rmined  by  c ross -pro tec t ion  and  serum neut ra l iza t ion  tes t s  tha t  
known IBRV i so lan ts  were  c lose ly  re la ted  to  one  another .  
In t ramuscular  MLV vacc ines  
Schwar tz  e t  a l .  (239)  produced  the  f i r s t  IBR vacc ine  wi th  a  
v i rus  s t ra in  modi f ied  by  rap id  passage  in  ce l l  cu l ture .  The  modi f ied  
v i rus  caused  c l in ica l  s igns  when adminis te red  in t ranasa l ly  and  pro­
duced  a  t rans ien t  tempera ture  r i se  when in jec ted  in t ramuscular ly .  
Reten t ion  of  in t ranasa l  pa thogenic i ty  was  requi red  as  fur ther  a t ten­
ua t ion  des t royed  immunogenic i ty  (239) .  Schwar tz  e t  a l .  (240)  re ­
por ted  tha t  passage  of  IBRV in  porc ine  k idney  ce l l s  resu l ted  in  loss  
of  in fec t iv i ty  for  the  na tura l  hos t .  In t ranasa l  inocula t ion  of  ca lves  
wi th  modi f ied  v i rus  d id  not  produce  d i sease  or  e l ic i t  a  SN an t ibody 
response  whi le  in t ramuscular  inocula t ion  resu l ted  in  product ion  of  
SN an t ibodies .  Pas t ie r  and  Smi th  (54)  se lec ted  a  f ie ld  s t ra in  of  
IBRV wi th  reduced  pa thogenic i ty  and  fur ther  modi f ied  i t  by ce l l  
cu l ture  passage  to  produce  a  vacc ine  s t ra in .  Zuschek  and  Chow (299)  
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evalua ted  a  vacc ine  s t ra in  modi f ied  by  passage  in  canine  k idney  ce l l s .  
Bar tha  (13)  deve loped  an  IBR vacc ine  which  conta ined  a  hea t  s tab le  
mutant  (56  C fo r  40  minutes )  wi th  reduced  v i ru lence .  Inaba  (95)  
ob ta ined  an  a t tenuated  IBR vacc ine  s t ra in  by repea ted  ce l l  cu l ture  
passage  a t  30  C.  This  s t ra in  remained  nonpathogenic  a f te r  f ive  
ser ia l  passages  in  ca t t le  and  d id  not  evoke  SN an t ibodies  in  rabbi t s  
fo l lowing  in t ravenous ,  subcutaneous  o r  in t radermal  inocula t ions .  
Animals  vacc ina ted  wi th  a l l  the  modi f ied  IBR vacc ine  s t ra ins  d iscussed  
above  repor ted ly  produced  spec i f ic  SN an t ibodies  and  remained  c l in i ­
ca l ly  normal  fo l lowing  cha l lenge  wi th  v i ru len t  v i rus  (13 ,  54 ,  96 ,  239 ,  
240 ,  299) .  Mul t iva len t  vacc ines  tha t  combine  IBR wi th  bovine  v i ra l  
d ia r rhea  (BVD) (18 ,  102) ;  para inf luenza-3  (PI -3)  (235) ;  BVD and  PI -3  
(56) ;  PI -3  and  pas teure l la  bac ter in  (235) ;  BVD,  PI -3  and  pas teure l la  
bac ter in  (235) ;  o r  BVD and  lep tosp i ros i s  bac ter in  (9)  have  proven  
e f fec t ive  as  de termined  by  product ion  of  spec i f ic  SN an t ibodies .  
Smi th  e t  a l .  (250)  advoca ted  the  s imul taneous  adminis t ra t ion  of  IBR 
vacc ine  and  s t ra in  19  bruce l los i s  vacc ine .  
Kendr ick  e t  a l .  (123)  descr ibed  a  t rans ien t  tempera ture  r i se  
fo l lowing  in t ramuscular  vacc ina t ion  of  ca t t le .  Brown and  Chow (24)  
repor ted  a  tempera ture  r i se  in  contac t  cont ro ls  as  wel l  as  in  in t ra ­
muscular  vacc ina tes .  McKercher  and  Crenshaw (159)  repor ted  the  i so­
la t ion  of  v i rus  f rom the  nasa l  cav i ty  of  in t ramuscular ly  vacc ina ted  
an imals  and  a  contac t  cont ro l  bu t  a t t r ibu ted  the  presence  of  v i rus  to  
acc identa l  in t ranasa l  contaminat ion  wi th  the  vacc ine .  Chal lenge  of  
in t ramuscular ly  vacc ina ted  ca t t le  wi th  v i ru len t  IBRV resu l ted  in  a  
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t rans ien t  tempera ture  r i se  (24 ,  123 ,  159 ,  229) . ,  in t ranasa l  l es ions  
(123 ,  159 ,  229)  and  shed  of  v i rus  (60 ,  96 ,  123 ,  159 ,  246) .  
Brown and  Cabasso  (23)  repor ted  tha t  a  t rans ien t  tempera ture  
r i se  was  the  only  c l in ica l  s ign  assoc ia ted  wi th  the  in t ramuscular  
in jec t ion  of  v i ru len t  IBRV.  In fec t ion  of  an imals  wi th  IBRV by  an  
unnatura l  rou te  of  innocula t ion  accounted  for  the  lack  of  c l in ica l  
response  (239) .  Cabasso  and  Brown (29)  repor ted  tha t  the  in t ramus­
cu lar  inocula t ion  of  v i ru len t  IBRV met  the  c r i te r ia  for  an  acceptab le  
l ive  v i rus  vacc ine .  
Pr ior  to  1971,  research  on  in t ramuscular  IBR vacc ines  had  no t  
demonst ra ted  shed  of  v i rus  f rom vacc ina tes  o r  t ransmiss ion  of  IBRV 
in fec t ion  to  contac t  cont ro ls  (9 ,  24 ,  29 ,  53 ,  54 ,  66 ,  123 ,  159 ,  239 ,  
296 ,  299) .  However ,  se ro logic  s tud ies  and  f ie ld  observa t ions  im­
p l ica ted  in t ramuscular  vacc ines  as  a  cause  of  abor t ion  (152 ,  155 ,  165 ,  
172 ,  213) .  Al though the  in i t ia l  descr ip t ions  of  na tura l  ou tbreaks  
of  IBRV in fec t ion  inc luded  re ference  to  abor t ions ,  IBRV was  no t  
recognized  as  an  abor t i fac ien t  agent  un t i l  exper imenta l  reproduct ion  
of  abor t ion  (36 ,  124 ,  165)  ver i f ied  f ie ld  observa t ions  (41 ,  142 ,  183 ,  
188) .  Fol lowing  publ ica t ion  of  th i s  ev idence ,  vacc ina t ion  of  pregnant  
cows was  cur ta i led  to  c i rcumvent  abor t ions .  Saunders  e t  a l .  (229)  
demonst ra ted  tha t  in t ramuscular  vacc ina t ion  of  cows p r ior  to  breeding  
prevented  abor t ion  when the  cows were  cha l lenged  wi th  v i ru len t  v i rus  
dur ing  any  t r imes ter  of  pregnancy .  In  1971 Kel l ing  e t  a l .  (116)  
provided  ep izoot io logica l  ev idence  tha t  IBRV was  t ransmi t ted  f rom 
vacc ina ted  ca lves  to  pregnant  cows and  resu l ted  in  abor t ion .  
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Demonst ra t ion  tha t  IBRV was  shed  f rom the  resp i ra tory  t rac t  of  
ca t t le  fo l lowing  in t ramuscular  vacc ina t ion  (32)  resu l ted  in  the  
promulga t ion  of  warn ings  to  avoid  vacc ina t ion  of  ca lves  nurs ing  
nonvacc ina ted  cows. .  
Adjuvanted ,  inac t iva ted  vacc ines  
Formal in  inac t iva ted  IBR vacc ines  have  been  produced  to  over ­
come the  d isadvantages  inherent  in  l ive  v i rus  vacc ines .  Hr is tov  
and  Karadjov  (86)  found tha t  formal in  and  saponin  inac t iva t ion  
decreased  immunogenic  ac t iv i ty  of  the  vacc ine ,  whereas ,  hea t  inac­
t iva t ion  and u l t rav io le t  l igh t  inac t iva t ion  preserved  immunogenic  
ac t iv i ty .  Schipper  and  Kel l ing  (237)  observed  tha t  inac t iva ted  
vacc ines  wi thout  ad juvant  had  poor  immunogenic i ty  and  demonst ra ted  
tha t  only  36% of  ca lves  produced  SN an t ibodies  fo l lowing  2  doses  of  
IBR vacc ine .  To compensa te  for  th i s  poor  immunogenic i ty ,  inac t iva ted  
IBR vacc ines  have  been  produced  wi th  the  fo l lowing  ad juvants :  
Freund ' s  comple te  (299) ;  o i l  (88) ;  adsorbed  a luminum hydroxide  ge ls  
(103) ;  and  sodium a lg ina te  (127) .  Neut ra l iz ing  an t ibodies  were  
produced  a f te r  1  dose  of  inac t iva ted  vacc ine  (86 ,  88 ,  103 ,  127 ,  151 ,  
299) .  However ,  Matsuoka  e t  a l .  (151)  found tha t  2  doses  of  inac t i ­
va ted  vacc ine  were  requi red  a t  14-21  day  in te rva ls  before  SN an t i ­
bodies  were  cons is ten t ly  produced .  The  SN an t ibodies  were  found to  
pers i s t  a t  leas t  1  year  a f te r  vacc ina t ion  (151) .  However ,  dura t ion  
of  immuni ty  was  unknown and  annual  revacc ina t ion  has  been  recommended 
(105) .  Zuschek  and  Chow (299)  de te rmined  tha t  a  modi f ied  l ive  v i rus  
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vacc ine  induced  product ion  of  SN an t ibody t i t e rs  tha t  were  3  t imes  
h igher  than  t i t e rs  produced  by  a  formal in-k i l led  vacc ine .  Inac t i ­
va ted  IBR vacc ines  were  immunogenic  (86 ,  87 ,  88 ,  89 ,  103 ,  127 ,  128 ,  
129 ,  151 ,  244 ,  299)  and  an t igenic  inh ib i t ion  d id  not  occur  when they  
were  combined  in  mul t iva len t  inac t iva ted  vacc ines  wi th  PI -3  (151) ;  
PI -3  and  pas teure l la  bac ter ins  (129 ,  151) ;  PI -3  and  BVD (127) ;  o r ,  
PI -3  and  adenovi rus  types  1  and  3  (88 ,  89) .  Hr is tov  e t  a l .  (87 ,  89)  
demonst ra ted  tha t  inac t iva ted  vacc ines  could  be  used  in  pregnant  
cows wi thout  caus ing  abor t ion  and  repor ted  tha t  inac t iva ted  vacc ines  
possessed  immunogenic  p roper t ies  comparable  to  l ive  v i rus  vacc ines .  
Cat t le  tha t  rece ived  1  (299)  and  2  doses  (151)  of  formal in  
inac t iva ted  vacc ine  d id  not  deve lop  d isease  fo l lowing  in t ranasa l  
cha l lenge  wi th  v i ru len t  v i rus .  Juhasz  e t  a l .  (103)  cha l lenged  vacc ina tes  
by  combined  in t ramuscular ,  in t ra t rachea l ,  in t ranasa l  and  in t ravagina l  
routes  and  de te rmined  tha t  d isease  was  prevented  or  was  l ess  severe  
than  tha t  which  occurred  in  cont ro l  an imals .  Chal lenge  of  vacc ina ted  
an imals  resu l ted  in  e leva ted  tempera tures  (40  C)  and  produced  charac­
te r i s t ic  IBR les ions  on  nasa l  and  vagina l  mucosae .  Hara lambiev  (73)  
repor ted  tha t  inocula t ion  of  inac t iva ted  IBR vacc ine  in to  the  nasa l  
submucosa  resu l ted  in  the  product ion  of  loca l  SN an t ibodies  which  
enabled  ca lves  to  remain  f ree  of  d i sease  fo l lowing  in t ranasa l  cha l lenge  
wi th  l ive  v i rus .  
Shef fy  and  Rodman (244)  de te rmined  tha t  inac t iva ted  vacc ines  d id  
not  p ro tec t  ca t t le  aga ins t  es tab l i shment  of  l a ten t  v i ra l  in fec t ion  
fo l lowing  cha l lenge .  Vacc ina ted  an imals  deve loped  e leva ted  
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t empera tures  and  shed  IBRV for  5-8  days  fo l lowing  in t ranasa l  cha l lenge .  
Vi rus  was  reac t iva ted  wi th  in jec t ions  of  cor t icos te ro ids  2-3  months  
a f te r  exposure  to  l ive  v i rus .  
In t ranasa l  MLV vacc ines  
An in t ranasa l ly  adminis te red  IBR vacc ine  was  deve loped  fo l lowing  
a t tenuat ion  of  IBRV by  se r ia l  passage  in  rabbi t  ce l l s  (272) .  In t ra ­
nasa l  immuniza t ion  induced  loca l  immune p ro tec t ion  cons is t ing  of  
secre tory  an t ibody ( IgA)  (272 ,  274) ,  in te r fe ron  (272 ,  274 ,  275)  
and  ce l l -media ted  immuni ty  (274) .  Successfu l  immuniza t ion  depended  
on  v i rus  rep l ica t ion  in  ce l l s  of  the  upper  resp i ra tory  t rac t  and  
resu l ted  in  the  shed  of  v i rus  for  approximate ly  13  days  fo l lowing  
vacc ina t ion  (274 ,  275) .  Ci rcu la t ing  an t ibody was  de tec ted  on  about  
the  8 th  day  pos t -vacc ina t ion  and  resu l ted  in  the  u l t imate  cessa t ion  
of  shed  of  v i rus  (272) .  The  t ransmiss ion  of  rep l ica t ing  v i rus  f rom 
vacc ina tes  to  suscept ib le  nonvacc ina tes  was  demonst ra ted  (159) .  
However ,  the  vacc ine  s t ra in  d id  not  rever t  to  a  v i ru len t  form fo l ­
lowing  10  se r ia l  passages  in  suscept ib le  ca lves  (272) .  
The  SN an t ibody t i t e r  a t ta ined  on  pos t -vacc ina t ion  day  14  was  
h igher  in  in t ranasa l ly  vacc ina ted  ca lves  than  in  in t ramuscular ly  
vacc ina ted  ca lves  (159 ,  274) .  By 28  days  pos t -vacc ina t ion ,  however ,  
there  was  no  d i f fe rence  be tween the  mean t i t e rs  of  the  two groups  
(159) .  Modera te  SN an t ibody t i t e rs  were  produced  in  response  to  
vacc ina t ion  (42 ,  159 ,  274)  and  98.6% of  vacc ina tes  seroconver ted  
(106) .  In t ranasa l  vacc ina t ion  resu l ted  in  e leva ted  tempera tures  
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(106 ,  159 ,  275) ,  mi ld  s igns  of  upper  resp i ra tory  t rac t  infec t ion  
(106 ,  159) ,  anorexia  and  decreased  mi lk  product ion  (105) .  The  
in t ranasa l  vacc ine  has  been  used  in  pregnant  cows wi thout  ev idence  
of  vacc ine  induced  abor t ions  (103 ,  272 ,  273 ,  274) .  In t ranasa l  vac­
c ina t ion  pro tec ted  pregnant  cows aga ins t  abor t ion  when the  an imals  
were  cha l lenged  wi th  v i ru len t  v i rus  (251) .  A newborn  ca l f  possessed  
SN an t ibodies ,  which  ind ica ted  tha t  in  u te ro  infec t ion  had  occurred  
fo l lowing  in t ranasa l  vacc ina t ion  of  i t s  dam (273) .  Gibson  and  
Zemjanis  (62)  repor ted  tha t  fe tuses  a t  less  than  5  months  ges ta t ion  
d ied  fo l lowing  in  u te ro  inocula t ion  wi th  in t ranasa l  vacc ine .  Fe tuses  
s imi la r ly  inocula ted  dur ing  the  5 th ,  7 th  and  8 th  months  of  ges ta t ion  
were  born  a l ive  and  possessed  SN an t ibodies .  Schul tz  and  Hal l ,  
as  quoted  in  Todd (273) ,  repor ted  100% surv iva l  of  ca lves  fo l lowing  
in  u te ro  inocula t ion  wi th  vacc ine  v i rus  a t  90  to  240 days  of  ges ta t ion .  
Chal lenge  of  in t ranasa l ly  vacc ina ted  ca lves  wi th  v i ru len t  v i rus  
resu l ted  in  shed  of  v i rus  (159 ,  264)  and  nasa l  l es ions  (159) .  Ear ly  
pro tec t ion  (40-96  hours )  was  demonst ra ted  fo l lowing  vacc ina t ion  of  
ca lves  wi th  in t ranasa l  (132 ,  274)  o r  in t ramuscular  (20)  MLV vacc ines .  
In t ranasa l  vacc ina t ion  induced  in te r fe ron  product ion  wi th in  40  to  
72  hours  wi th  in te r fe ron  t i t e rs  pers i s t ing  for  approximate ly  8  days  
(272 ,  275) .  Fol lowing  cha l lenge  wi th  v i ru len t  v i rus ,  in te r fe ron  was  
no t  induced  in  in t ranasa l  vacc ina tes  but  was  induced  in  in t ramuscular  
vacc ina tes  (275)  and  cont ro l  an imals  (60) .  Cur t i s  and  Angulo  (42)  
repor ted  tha t  in t ranasa l  vacc ina t ion  of  ca lves  12-24  hours  p r ior  to  
in t roduct ion  in to  a  feedlo t  conta in ing  IBRV infec ted  ca lves  d id  not  
prevent  in fec t ion .  
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In t ranasa l  tempera ture-sens i t ive  MLV vacc ines  
A t empera ture-sens i t ive  (TS)  mutant  was  se lec ted  f rom wi ld  
IBRV fo l lowing  t rea tment  wi th  HNOg (302) .  Repl ica t ion  of  the  TS 
mutant  was  res t r ic ted  a t  39  ±  0 .5  C wi th  a  5  log^^  d i f fe rence  in  
v i rus  product ion  be tween the  TS mutant  and  parent  s t ra in  a t  39  C.  
The  TS charac te r  of  the  mutant  was  s tab le  thru  n ine  in  v i t ro  passages  
a t  permiss ive  tempera tures  (302) .  When incorpora ted  in to  in t ranasa l  
vacc ines  (133 ,  302)  the  TS charac te r  combined  the  advantages  of  l ive  
and  k i l led  vacc ines  because  rep l ica t ion  was  res t r ic ted  to  the  nasa l  
mucosa  where  loca l  immuni ty  was  produced  (60 ,  301 ,  303) .  The  TS 
mutant  has  been  combined  in  vacc ines  wi th  PI -3  (133)  and  wi th  TS 
mutants  of  PI -3  and  adenovi rus  type  3  (301 ,  304) .  
Vi rus  rep l ica t ion  occurred  fo l lowing  in t ranasa l  vacc ina t ion  
and  v i rus  was  shed  for  7-13  days  (302)  wi th  t ransmiss ion  of  v i rus  
to  contac t  cont ro ls  (133 ,  300 ,  302) .  Zygra ich  e t  a l .  (304)  
demonst ra ted  the  es tab l i shment  of  l a ten t  in fec t ions  wi th  TS vacc ine ;  
the  v i rus  was reac t iva ted  wi th  cor t icos te ro id  in jec t ions  a t  21  weeks  
pos t -  vacc ina t ion .  Cat t le  vacc ina ted  wi th  TS vacc ine  remained  wi thout  
c l in ica l  s igns  of  d i sease  (60 ,  133 ,  300 ,  302 ,  304)  except  for  hyper ­
thermia ,  anorexia  and  vagina l  d i scharge  repor ted  in  one  herd ' (140) .  
The  vacc ine  has  been  used  in  pregnant  cows wi thout  ev idence  of  
vacc ine  induced  abor t ion  (133 ,  140) .  Fur thermore ,  abor t ion  was  no t  
produced  by  in t ravenous  inocula t ion  of  pregnant  cows (300) .  
Loca l  an t ibody responses  (60 ,  201 ,  304) ,  in te r fe ron  product ion  
(302)  and  ce l l -media ted  immuni ty  (60)  were  s t imula ted  by  TS vacc ine .  
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In  l abora tory  t r ia l s  in  which  ca t t le  were  immunized  wi th  TS vacc ine  
a  seroconvers ion  ra te  of  100% was  achieved  (133 ,  300 ,  302 ,  304) .  
However ,  in  f ie ld  t r ia l s  the  seroconvers ion  ra te  was  approximate ly  
85% (133 ,  140) .  Very  low SN an t ibody t i t e rs  were  ob ta ined  wi th  TS 
vacc ine  (60 ,  301 ,  304) .  Animals  tha t  rece ived  2  doses  of  vacc ine  
achieved  peak  SN an t ibody t i t e rs  a t  3  weeks  pos t -vacc ina t ion .  The  
SN t i t e rs ,  fo l lowing  2  doses  of  vacc ine ,  decreased  a f te r  8  weeks  bu t  
were  s t i l l  de tec tab le  a t  21  weeks  pos t -vacc ina t ion  and  only  one  an imal  
became seronegat ive  (304) .  Nasa l  secre t ions  conta ined  SN an t ibodies  
for  approximate ly  8  weeks  fo l lowing  vacc ina t ion  (301 ,  304) .  Af te r  
cha l lenge  wi th  v i ru len t  v i rus ,  vacc ina tes  d id  not  deve lop  c l in ica l  
s igns  (60 ,  132 ,  133 ,  300 ,  302 ,  304) .  Addi t iona l ly ,  v i rus  was  shed  
in  lower  t i t e rs  and  for  a  shor te r  t ime f rom vacc ina tes  than  f rom 
cont ro l  an imals  (60 ,  300 ,  302) .  Dura t ion  of  immuni ty  to  cha l lenge  
has  no t  been  de te rmined .  
Development  o f  Subuni t  Vacc ines  
Polypept ide  ana lys i s  and  immunogenic  de te rmina t ion  have  
resu l ted  in  the  charac te r iza t ion  and  ident i f ica t ion  of  v i ra l  an t igens  
capable  of  e l ic i t ing  the  format ion  of  SN an t ibodies  (182) .  
Sur face  an t igens  conta ined  in  v i ra l  envelopes  o r  in  subvi ra l  
in fec t ious  par t ic les  induce  SN an t ibody format ion .  The  an t igenic  
SL ' buni t s  o f  enveloped  v i ruses  a re  the  envelope  g lycopro te ins  (177) .  
There  a re  three  poss ib le  sources  of  v i ra l  subuni t  p ro te ins :  (1)  
c rude  or  pur i f ied  v i r ion  prepara t ions* ,  (2)  v i ra l  an t igens  in tegra ted  
in to  infec ted  ce l l s ;  o r ,  (3)  so luble  v i ra l  pro te ins  excre ted  in to  
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infect ious  ce l l  cul ture  f lu ids  (256) .  Infected  ce l l  cul ture  ce l ls  
and ce l l  cul ture  f lu ids  are  a t t rac t ive  sources  of  v i ra l  prote ins  
for  subuni t  vaccine  product ion because  v i ra l  prote in  synthes is  far  
exceeds  requirements  for  v i r ion assembly.  However ,  vaccines  composed 
of  crude ce l l  cul ture  ant igens  conta in  more  contaminat ing host  ce l l  
components  than do crude or  pur i f ied  vi r ion vaccines  (256) .  
Whole  v i rus  vaccines ,  e i ther  a l ive  or  inact ivated ,  conta in  
ant igens  of  h igher  molecular  weight  and conta in  ant igenic  determinants  
not  present  in  subuni t  vaccines  (256) .  The immune response  to  l ive  
vi rus  vaccines  i s  ampl i f ied  addi t ional ly  by the  repl ica t ion of  
v i ruses  in  the  vaccinate .  Al though subuni t  vaccines  are  safer  than 
whole  v i rus  vaccines ,  the i r  immunogenic i ty  i s  genera l ly  lower  (70,  
294) .  The immunogenic i ty  of  subuni t  vaccines  i s  re la ted  to  the  
s t ructura l  form of  prote ins  presented in  the  vaccine .  Monomeric  
forms of  envelope prote ins  are  not  su i table  for  use  in  subuni t  
vaccines  because  of  poor  immunogenic i ty  (97,  177,  234) .  Water  so luble  
monomers  of  envelope prote ins  do not  e l ic i t  protect ive  ant ibodies  
and are  c lear ly  not  su i table  for  use  in  subuni t  vaccines  (93,  234) .  
The immunogenic i ty  of  subuni t  vaccines  i s  preserved by "gent le"  
solubi l iza t ion of  prote ins  wi th  nonionic  detergents  (80)  or  i s  
accentuated by the  aggregat ion of  so lubi l ized monomeric  prote ins  
(177) .  
23 
Detergent  so lubi l iza t ion of  v i ra l  subuni ts  
Membranes  p lay  v i ta l  b io logical  ro les  in  the  funct ioning and 
survival  of  organisms.  Extr ins ic  or  per iphera l  membrane prote ins  
tha t  are  water  so luble  or  readi ly  removed f rom the  membrane by 
a l tera t ions  in  physiologic  condi t ions  are  poor  immunogens  (93,  234) .  
The immunogenic i ty  of  subuni t  vaccines  i s  dependent  upon in t r ins ic  
or  in tegra l  membrane prote ins  tha t  are  associa ted  wi th  the  hydro­
phobic  core  of  a  phosphol ip id  b i layer  in  membranes  (177) .  Methods  
tha t  fac i l i ta te  the  "solubi l iza t ion"  of  membranes  in to  component  par ts  
tha t  re ta in  nat ive  biological  and ant igenic  conformat ional  charac­
ter is t ics  have been essent ia l  to  the  development  of  subuni t  vaccines .  
"Solubi l iza t ion"  refers  to  the  d issocia t ion,  d isaggregat ion,  ext rac­
t ion or  d isrupt ion of  the  in tac t  membrane in to  smal l  f ragments  or  
component  par ts  tha t  are  not  removed by cent r i fugat ion (145) .  
Techniques  for  ext rac t ion and analys is  of  membrane prote ins  
are  wel l  es tabl ished and include the  use  of  organic  solvents ,  prote in  
per turbants  and enzymat ic  d iges t ion (80) .  However ,  the  resul tant  
i r revers ib le  aggregat ion and denatura t ion of  prote ins  l imi t  the  
usefulness  of  these  techniques .  Detergents  appear  to  provide  the  
most  useful  ext rac t ion method for  membrane prote ins .  The amphiphi l ic  
character  of  de tergents  enable  them to  in teract  wi th  both  hydrophi l ic  
and l ipophi l ic  regions  of  prote ins  (145) .  Makino e t  a l .  (147)  s ta te  
that  the  chances  of  obta in ing a  membrane in  i t s  nat ive  conformat ion 
are  greates t  i f  nonionic  detergents  are  used.  Amphiphi l ic  de tergents ,  
when added to  water ,  d issolve  in to  f ree  monomers  tha t  are  in  equi l ibr ium 
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with  a  surface  monolayer  of  de tergent  monomers  (80) .  Monomers  of  
de tergent  aggregate  in to  micel les  when c r i t ica l  concentra t ions  are  
a t ta ined (cr i t ica l  micel lar  concentra t ions ,  CMC).  Nonionic  de tergents  
are  character ized by low CMC va lues  and high micel lar  weights .  The 
ac t ion of  nonionic  detergents  depends  on the  in teract ion of  detergent  
monomers  wi th  membrane components  and in teract ions  between detergent  
monomers .  The in teract ion of  detergent  wi th  i t se l f  i s  s igni f icant  
because  ef fec t ive  prote in  binding depends  on f ree  detergent  monomers  
and not  on to ta l  detergent  concentra t ion (145) .  Detergents  wi th  low 
CMC values  have suff ic ient  f ree  monomers  to  sa tura te  only  high af f in i ty  
prote in  binding s i tes .  Makino e t  a l .  (147)  s ta te  that  concentra t ions  
of  f ree  monomers  a re  automat ica l ly  l imi ted  by the  low CMC value  of  
nonionic  detergents  such tha t  coopera t ive  binding and denatura t ion 
cannot  occur  a t  any "reasonable"  excess  concentra t ion of  de tergent .  
Amphiphi l ic  de tergents  in teract  wi th  in t r ins ic  membrane prote ins  
by forming par t i t ions  between the  l ip id-prote in  b i layer  and the  
aqueous  solut ion (268) .  The detergent  monomers  b ind to  the  hydrophobic  
domain of  in t r ins ic  prote ins  (80)  and cause  solubi l iza t ion of  prote in-
l ip id-detergent  complexes  (268) .  The hydrophi l ic-hydrophobic  or ienta­
t ion  of  the  prote in  i s  preserved dur ing solubi l iza t ion wi th  the .  prote in-
bound detergent  replacing the  l ip id  environment  (80) .  
Simons e t  a l .  (247)  demonstra ted  tha t  detergent  d issocia t ion 
of  Semliki  Fores t  v i rus  occurred in  a  s tepwise  manner :  (1)  Tr i ton 
X-100 was  bound to  the  v i rus  envelope a t  concentra t ions  below CMC 
va lues  wi th  binding to  prote in  and micel le  format ion represent ing a  
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compet i t ive  phenomenon;  (2)  v i ra l  envelopes  ruptured wi th  increased 
detergent  b inding;  and,  (3)  v i ra l  membranes  d issocia ted  in to  l ipo-
prote in-detergent  par t ic les  and l ip id-detergent  micel les  a f ter  about  
40,000 monomers  of  Tr i ton X-100 were  bound per  v i ra l  envelope.  
Vira l  subuni t  vaccines  
Subuni t  vaccines  for  inf luenza  v i rus  were  in t roduced in  1969 
and have been used to  immunize  mi l l ions  of  individuals .  The vaccines  
conta ined hemagglut in in  and neuraminidase  ant igens  which were  re­
covered and pur i f ied  by chromatography fo l lowing d issocia t ion of  
inf luenza  v i ruses  wi th  sodium deoxychola te  (288) ,  e ther  (21)  or  
t r i (n-butyl )phosphate  (224)  in  the  presence  of  0 .1% Tween 80.  
Elect ron microscopic  evidence demonstra ted  tha t  monomeric  hemagglut in in  
subuni ts  aggregated through hydrophobic  bonding to  form polymerized 
rose t tes  (134) .  The resul tant  "spl i t  vaccine"  c i rcumvented the  
pyrogenic  e f fec t  character is t ic  of  inf luenza  whole  v i rus  vaccines  (224) .  
Cl in ica l  s tudies  demonstra ted  tha t  the  immune responses  in  subuni t  
vaccinates  were  equal  to  or  bet ter  than those  a t ta ined v/ i th  whole  
v i rus  vaccines  (224) .  
Spike  g lycoprote ins  were  se lec t ively  re leased f rom the  envelopes  
of  rhabdoviruses  wi th  nonionic  detergents= Tr i ton X-100 t rea tment  
of  ves icular  s tomat i t i s  v i rus  re leased glycoprote in  6  which induced 
speci f ic  SN ant ibodies  in  animals  (114) .  Nonidet  P-40 (NP-40)  
so lubi l ized glycoprote in  G of  rabies  v i rus  which e l ic i ted  a  SN 
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ant ibody response  tha t  protected  animals  agains t  le thal  chal lenge 
wi th  v i ru lent  rabies  v i rus  (291) ,  Rabies  v i rus  g lycoprote in  G 
pur i f ied  by i soelec t r ic  focusing was  considered the  ideal  human 
ant i rabies  vaccine  because  of  i t s  pur i ty  and potency (39) .  
Morein  e t  a l .  (177)  demonstra ted  tha t  le thal  Semliki  Fores t  
v i rus  infect ion was prevented wi th  subuni t  vaccine  i f  the  Tr i ton 
X-100 solubi l ized ant igen (247)  was  presented in  a  complexed s t ruct ­
ura l  form.  Hydrophobical ly  bonded aggregates  of  monomeric  sp ike  
prote ins  (prote in  micel les)  (177)  and vi rosomes composed of  sp ike  
prote ins  conta ined in  ves ic les  of  egg lec i th in  (79)  were  h ighly  
protect ive .  Monomeric  sp ike  prote ins  were  only  s l ight ly  protect ive .  
Subuni t  vaccines  for  nonenveloped v i ruses  were  not  as  successful  
as  those  for  enveloped v i ruses .  Pentons  and f ibers  of  adenoviruses  
induced SN ant ibodies  which af fec ted  v i ra l  a t tachment  to  suscept ib le  
ce l l s .  However ,  neut ra l iza t ion of  o ther  ant igenic  s i tes  was  required  
to  achieve  protect ion agains t  infect ion (182) .  Li th ium iodide  d is ­
socia t ion exposed adenovirus  DNA to  enzymat ic  d iges t ion and the  
resul tant  subuni t  f ragments  were  used to  produce speci f ic  immuni ty  
(182,  224) .  Bachrach e t  a l .  (5)  demonstra ted  tha t  a  subuni t  vaccine  
composed of  VP^ of  foot-and-mouth d isease  v i rus  induced SN ant ibodies  
which protected  swine agains t  infect ion upon contact  exposure  to  
infected  swine.  
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Herpesvirus  subuni t  vaccines  
Inact ivated  herpes  s implex type  1  (HSV-1)  vaccines  are  avai lable  
in  Europe for  t rea tment  of  pa t ients  wi th  recurrent  HSV-1 d isease  
(292) .  Severa l  hos t -v i ra l  re la t ionships  unique to  herpesviruses  have 
compl ica ted  development  of  HSV-1 vaccines .  Potent ia l  r i sks  including 
la tency and enhanced oncogenic i ty  fo l lowing u l t raviole t  inact ivat ion 
(209)  indicate  tha t  l ive  or  inact ivated  homologous  or  heterologous  
v i rus  may be  unacceptable  for  use  in  HSV-1 vaccines  (280) .  The most  
reasonable  approach to  immunoprophylaxis  i s  development  of  subuni t  
vaccines  f ree  of  v i ra l  genet ic  mater ia l  (280) .  
Herpesvirus  prote ins  Herpesviruses  are  s t ructura l ly  more  
complex than the  previously  d iscussed v i ruses .  Thir ty- three  s t ruct ­
ura l  polypept ides  have been ident i f ied  in  HSV-1 v i r ions  (77)  and a t  
leas t  49 v i ra l  polypept ides  are  produced in  infected  ce l ls  (83) .  
Sklyanskaya e t  a l .  (249)  ident i f ied  18 s t ructura l  prote ins  in  IBRV 
and determined tha t  8  prote ins  were  g lycosyla ted .  Addi t ional  infor­
mat ion on IBR v i ra l  prote ins  i s  lacking,  therefore ,  d iscuss ion wi l l  
be  res t r ic ted  to  HSV-1 prote ins .  
A thorough immunologic  character iza t ion of  HSV-1 speci f ic  ant i ­
gens  has  not  been accompl ished and progress  has  been s low because  
of  d i f f icul t ies  in  prepar ing pur i f ied  HSV-1 ant igens  (280) .  This  
d i f f icul ty  has  been compounded by the  fac t  tha t  v i rus  speci f ic  prote ins  
were  detec ted  not  only  in  the  v i rus  (259)  but  a lso  in  ce l l  membranes  
(78,  258)  and in  ce l l  cul ture  f lu id  (111) .  Kaplan e t  a l .  ( I l l )  
found tha t  more  v i ra l  prote ins  were  present  in  the  infected  ce l ls  
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and cul ture  f lu id  than were  present  in  the  v i r ions .  Sat is fac tory  
vi rus  pur i f ica t ion techniques  (259)  have been developed to  analyze  
HSV-1 s t ructura l  prote ins  by polyacrylamide gel  e lec t rophores is  
(PAGE).  However ,  the  sodium dodecyl  su l fa te  (SOS) t rea tment  required  
in  the  procedure  denatured prote ins  so  tha t  i t  was  d i f f icul t  to  ass ign 
speci f ic  b iologic  ac t iv i t ies  to  individual  polypept ides  (37) .  Al ter ­
nat ive  approaches  to  the  s tudy of  v i ra l  prote ins  have u t i l ized water  
so luble  (37)  and Tr i ton X-100 solubi l ized (283)  ant igens  obta ined 
f rom crude ext rac ts  of  v i rus  infected  ce l ls .  
Al l  infected  ce l l  cul ture  and par t ia l ly  pur i f ied  v i rus  prep­
ara t ions  of  HSV-1 ant igens  used to  induce SN ant ibodies  in  animals  
(30,  126,  136,  137,  150,  192,  204,  282,  298)  have conta ined glyco­
prote ins  (280) .  Honess  and Roizman (84)  ident i f ied  13 glycoprote ins  
in  HSV-1,  a l l  of  which were  local ized in  the  envelope (186,  205,  259)  
where  they funct ioned as  s t ructura l  uni ts  and contr ibuted to  the  
biological  and immunological  proper t ies  of  herpesviruses  (78,  84 ,  186,  
257,  258) .  Ant isera  prepared agains t  pur i f ied  v i ra l  envelope prote ins  
precipi ta ted  a l l  major  g lycosyla ted  v i ra l  prote ins  in  infected  ce l l  
ext rac ts  (84) .  This  demonstra ted  tha t  v i ra l  d i rec ted  prote ins  present  
in  infected  ce l ls  but  absent  in  the  v i r ions  were  precursors  to  more  
complete ly  g lycosyla ted  prote ins  found in  the  v i r ions  (257) .  Cohen 
e t  a l .  (37)  in i t ia ted  the  pur i f ica t ion of  HSV-1 ant igens  by sepa­
ra t ion of  a  g lycoprote in  wi th  ca lc ium phosphate  (Brushi te)  chroma­
tography.  Vestergaard  and Graubal le  (284)  demonstra ted  HSV-1 ant igens  
by fused rocket  immunoelect rophores is  a f ter  separa t ion of  a  crude 
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ant igen prepara t ion by ion-exchange chromatography.  Ponce de  Leon e t  
a l .  (200)  se lec t ively  removed g lycoprote ins  f rom crude ext rac ts  of  
HSV-1 infected  ce l ls  by concanaval in  A a f f in i ty  chromatography.  
Subsequent ly ,  f ive  HSV-1 g lycoprote in  ant igens  have been ident i f ied  
(204,  283,  285) .  The apparent  d iscrepancy in  g lycoprote in  numbers ,  
compared to  previous  determinat ions  (84) ,  was  caused by the  SDS break­
down of  la rge  v i ra l  prote in  ent i t ies  in to  polypept ides  in  the  PAGE 
technique and detec t ion by immunoprecipi ta t ion tes ts  of  only  g lyco­
prote ins  which provoked a  speci f ic  ant ibody response  (283) .  Tr i ton 
X-100 solubi l ized glycoprote ins  (282)  produced wel l -def ined immuno-
precipi ta tes  in  crossed immunoelect rophores is  (281,  283)  and were  
used to  s tudy the  immunological  and biochemical  character is t ics  of  
ant igens  (184,  185,  285,  285) .  Vestergaard  e t  a l .  (282)  analyzed 
SN and precipi ta t ing ant ibody product ion in  rabbi ts  fo l lowing inoc­
ula t ion wi th  Tr i ton X-100 solubi l ized HSV-1 ant igens  and suggested  
a  vaccine  potent ia l  for  these  ant igens .  
Exper imenta l  herpesvirus  subuni t  vaccines  Mart in  e t  a l .  
(150)  t rea ted  HSV-1 infected  ce l ls  wi th  NP-40 to  obta in  envelope 
ant igens  and wi th  d ie thyl  e ther  fo l lowed by d ia lys is  in  g lycine  
buffer  (pH 10.5)  to  obta in  capsid  ant igens .  Envelope ant igens  were  
react ive  wi th  ant isera  to  whole  v i ruses  but  d id  not  react  wi th  ant i -
capsid  sera .  Capsid  ant igens  fa i led  to  e l ic i t  SN ant ibodies  in  
rabbi ts .  These  f indings  conf i rmed e lec t ron microscopic  resul ts  which 
showed no capsids  remaining in  envelope ant igen prepara t ions .  Zaia  
e t  a l .  (298)  demonstra ted  SN ant ibodies  and ant igen react ive  
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lymphocytes  in  guinea  p igs  immunized wi th  the  envelope ant igen.  
Fur thermore ,  rabbi ts  were  protected  agains t  a  le thal  chal lenge 
dose  of  HSV-1 and demonstra ted  an anamnest ic  SN response  fo l lowing 
chal lenge.  
Lesso e t  a l .  (137)  obta ined envelope ant igen f rom pur i f ied  
HSV-1 v i r ions  by NP-40 t rea tment .  Immunized rabbi ts  produced h igher  
t i te rs  of  SN ant ibodies  agains t  envelope ant igen than agains t  whole  
v i rus .  Convalescent  HSV-1 serum produced two precipi ta t ion zones  
agains t  whole  v i rus  and envelope ant igen in  gel  immunodif fus ion.  
Cappel  (30)  demonstra ted  tha t  2  doses  of  NP-40 so lubi l ized envelope 
ant igen s t imula ted  humoral  (SN ant ibodies)  and ce l l -media ted  
( lymphocyte  s t imula t ion)  immune responses  in  vaccinated rabbi ts .  
The immune responses  produced were  lower  than the  response  evoked 
by l ive  HSV-1 vaccine  but  a  protec t ion ra te  of  80% agains t  chal lenge 
wi th  v i ru lent  v i rus  was  not  s ta t i s t ica l ly  di f ferent  f rom the  protec­
t ion ra te  produced by l ive  vi rus  vaccine .  
Ki tces  e t  a l .  (126)  produced a  subuni t  HSV-1 vaccine  by 
t rea tment  of  HSV-1 infected  ce l ls  wi th  sodium dodecyl  su l fa te  and 
Sarkosyl .  The vaccine  d id  not  evoke detec table  SN ant ibodies  in  
mice .  However ,  when chal lenged wi th  v i ru lent  v i rus ,  immunized mice  
were  protected  f rom fa ta l  encephal i t i s  and had reduced incidence  of  
les ion product ion and la tent  infect ions .  
Vestergaard  e t  a l .  (282)  so lubi l ized HSV-1 infected  ce l ls  wi th  
Tr i ton X-100 and recovered an ant igen conta ining f ive  membrane bound 
HSV-1 g lycoprote ins .  Vaccinated rabbi ts  developed SN ant ibodies  
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as  ef fec t ively  as  wi th  an ac t ive  HSV-l  infec t ion.  Sera  f rom rabbi ts  
receiving l ive  vi rus  vaccine  reacted  more  s t rongly  and wi th  a  h igher  
number  of  HSV-l  ant igens  than d id  sera  f rom rabbi ts  immunized wi th  
Tr i ton X-100 solubi l ized ant igen.  Vaccinated rabbi ts  were  not  
chal lenged.  
Lesnik  and Ross  (135)  produced a  vaccine  us ing NP-40 to  solu-
bi l ize  ant igens  f rom ce l ls  infected  wi th  Marek 's  d isease  v i rus  (MDV).  
The subuni t  vaccine  produced an immune response  in  vaccinated chickens  
which suppressed sys temic  spread and fea ther  fo l l ic le  repl ica t ion 
of  MDV but  d id  not  a f fec t  v i remia .  
Papp-Vid and Derbyshire  (192)  used Rexol  25J  (an  analogue of  
NP-40)  to  solubi l ize  envelope ant igens  f rom par t ia l ly  pur i f ied  equine  
herpesvirus  type  1  (EHV-1)  v i r ions .  Envelope ant igen prepara t ions  
were  fur ther  subjected  to  PAGE analys is  a f ter  solubi l iza t ion wi th  
SOS and the  resul tant  gel  was  d iv ided in to  four  equal  sec t ions .  
Hamsters  were  vaccinated wi th  envelope ant igen,  whole  gel  and each 
quar ter  sec t ion of  ge l .  Chal lenge of  immunized hamsters  wi th  EHv-1 
demonstra ted  protect ion in  animals  tha t  had received envelope ant igen 
and to  a  lesser  extent  those  tha t  had received whole  ge l .  Protect ion 
was  induced only  by the  top gel  quar ter  sec t ion which conta ined 
pept ides  of  h igh molecular  weight  inc luding a  g lycoprote in  component  
of  EHV-1 envelope.  
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PART I .  EVALUATION OF THE RABBIT AS A LABORATORY MODEL FOR 
INFECTIOUS BOVINE RHINOTRACHEITIS VIRUS INFECTION 
This  manuscr ip t  has  been submit ted  to  the  Cornel l  Veter inar ian .  
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ABSTRACT 
Exper imenta l  infect ion of  rabbi ts  wi th  infect ious  bovine  
rh inotrachei t i s  v i rus  (IBRV) produced d iverse  manifes ta t ions  of  
d isease  which included abor t ion,  conjunct iv i t i s ,  dermat i t i s ,  
vulvovagini t i s ,  sys temic  infect ion,  neonata l  death  and respi ra tory  
t rac t  infect ion.  Each d isease  syndrome was  s tudied us ing v i rus  
i so la t ion,  f luorescent  ant ibody examinat ion and h is to logic  
examinat ion.  
Conjunct iv i t i s ,  dermat i t i s  and vulvovagini t i s  les ions  were  
character ized by edema,  inf i l t ra t ion of  mucosa  and submucosa  wi th  
inf lammatory  ce l l s  and u lcera t ion of  epi thel ium.  Systemic  infect ion 
resul ted  in  severe  necros is  of  l iver  and adrenal  g lands  wi th  large  
numbers  of  ce l l s  conta in ing in t ranuclear  inc lus ions .  Pregnant  
rabbi ts  abor ted  wi th in  48 hours  fo l lowing inocula t ion of  IBRV. 
Virus  infect ion and v i ra l  les ions  were  not  demonstra ted  in  abor ted  
fe tuses .  
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In t roduct ion 
Infect ious  bovine  rh inotrachei t i s  v i rus  (IBRV) i s  a  cause  of  
respi ra tory ,  geni ta l  and nervous  sys tem disease  of  ca t t le  (105) .  
Natura l  infect ions  wi th  IBRV have been descr ibed in  goats  (175) ,  
swine  (50,  187,  233) ,  water  buffa lo  (263) ,  wi ldebees t  (113) ,  mink 
and fer re ts  (201) .  Exper imenta l  infect ions  have been es tabl ished 
in  mule  deer  (34) ,  goats  (162) ,  swine  (181,  293) ,  fer re ts  (253) .  
Serologic  s tudies  indicate  tha t  IBRV infect ions  may occur  in  addi­
t ional  species  (2 ,  12 ,  59,  76, 110,  135,  208,  225,  226,  260,  270) .  
The rabbi t  i s  suscept ib le  to  infect ion wi th  IBRV (4 ,  15,  28,  
117,  195,  254) .  Bindr ich  (15)  produced vulvovagini t i s  and conjunc­
t iv i t i s  in  rabbi ts  wi th  IBRV but  was  unable  to  ser ia l ly  t ransfer  
infect ion.  Armstrong e t  a l .  (4)  produced dermal  inf lammat ion and 
tes t icular  necros is  wi th  IBRV but  concluded tha t  the  react ions  were  
a  toxic  response  and not  due to  vi rus  repl ica t ion.  Bwangamoi  and 
Kaminjolo  (28)  i so la ted  IBRV f rom dermal  and tes t icular  les ions  in  
rabbi ts .  Kel ly  (117)  provided e lec t ron microscopic  evidence of  
herpesvirus  repl ica t ion in  the  l iver  and the  adrenal  g lands  of  
IBRV infected  rabbi ts .  
Studies  of  IBRV pathogenesis  and vaccine  evaluat ion current ly  
are  l imi ted  to  ca t t le .  Effor ts  to  f ind a  sui table  laboratory  model  
for  IBRV infect ion have been unsuccessful .  Smith  (253)  s tudied 
the  pathogenesis  of  IBRV in  Engl ish  fer re ts  and s ta ted  that  fer re ts  
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are  a  potent ia l  labora tory  model  of  respi ra tory  infect ion.  Kel ly  
(117)  suggested  tha t  the  neonata l  rabbi t  may be  useful  as  an  
exper imenta l  hos t  for  s tudies  on the  pathogenesis  of  IBRV infect ion.  
Van Houwel ing (277)  determined tha t  the  goat  was  unsat is fac tory  as  
a  laboratory  model  of  infect ion.  
The object ives  in  th is  research were  to  determine the  patho­
genic i ty  of  IBRV for  rabbi ts  and to  evaluate  the  rabbi t  as  a  sui table  
model  of  infect ion.  
Mater ia ls  and Methods  
Virus  -  The Cooper  s t ra in  of  IBRV (k indly  suppl ied  by Dr .  
A.  S t ra t ing,  Nat ional  Veter inary  Services  Laboratory ,  Ames,  Iowa)  
was  received a t  the  e ighth  passage level  and then passed two t imes  
in  bovine  lung ce l l s  (BLU).  The s tock v i rus  pool  used for  inocula-
o 
t ion  conta ined 1 .0  x 10 plaque forming uni ts  (PFU)/ml .  S tock v i rus  
was  mainta ined a t  -70 C unt i l  used.  
Exper imenta l  Animals  -  Adul t  whi te  rabbi ts  were  purchased 
f rom a  local  commercia l  source  and were  held  in  individual  cages  
throughout  the  exper iment .  Neonata l  rabbi ts  were  purchased a t  2  days  
of  age ,  t ranspor ted  in  the  l i t te r  box and mainta ined wi th  the  doe.  
Exper imenta l  Design -  Rabbi ts  (n=37)  were  d iv ided in to  nine  
groups  and inocula ted  as  deta i led  (Table  1) .  The IBRV was  adminis­
tered  to  rabbi ts  by inocula t ion of  0 .1  ml  in t radermal ly ,  0 .2  ml  in  
each conjunct ival  sac  or  1 .0  ml by in t ravenous ,  in t raper i toneal  
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Table  1 .  Exper imenta l  infect ion of  rabbi ts  wi th  infect ious  bovine  
rh inotrachei t i s  v i rus  (IBRV) 
Route  of  Number  of  Virus  
Disease  syndrome inocula t ion rabbi ts  dose  (PFU) 
1  Systemic  d isease ,  neonata l  in t raper i toneal  5  108.0  










d examethasone t rea ted  conjunct ival  sac  0
 OJ
 





5  Conjunct iv i t i s  conjunct ival  sac  4  
CO 0
 
6  Dermat i t i s  in t radermal  4  
0
 0 





8  Vulvovagini t i s  in t ravaginal  2  IQS.O 
9  Control  
a .  Neonata l  in t raper i toneal  1  none 
b .  Adul t ,  pregnant  in t ravenous  2  none 
c .  Adul t ,  dexamethasone in t ravenous  1 none 
t rea ted  
d .  Adul t  in t ravenous  
conjunct ival  sac ,  
in t radermal .  
4  none 
in t ra t racheal ,  and 
in t ravaginal  
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in t ra t racheal  or  in t ravaginal  routes .  Control  rabbi ts  were  inoc­
ula ted  wi th  the  same volumes of  Eagle ' s  minimum essent ia l  medium 
(MEM) supplemented wi th  10% y- i r radia ted  fe ta l  ca l f  serum (PCS) .  
Neonata l  rabbi ts  were  inocula ted  a t  4  days  of  age .  Pregnant  rabbi ts  
were  inocula ted  a t  17 and 22 days  of  ges ta t ion.  Dexamethasone 
(Azium,  Scher ing Corporat ion,  Keni lworth ,  New Jersey)  t rea ted  
rabbi ts  received 4  mg/day in t ramuscular ly  for  7  days  pr ior  to  vi rus  
inocula t ion and 2  mg/day in t ramuscular ly  fo l lowing vi rus  inocula t ion.  
Rabbi ts  were  observed careful ly  for  c l in ica l  s igns  of  i l lness  
fol lowing vi rus  inocula t ion and rec ta l  temperatures  were  recorded 
dai ly .  Rabbi ts  were  k i l led  by e lec t rocut ion a t  6  days  post  inoc­
ula t ion (PID)  except  as  indicated  in  the  text .  
Virus  Isola t ion Procedures  -  For  v i rus  i so la t ion,  cot ton-
t ipped swabs  were  sa tura ted  wi th  conjunct ival ,  vaginal  or  nasal  
secre t ions .  Swab samples  were  immersed in to  1 .0  ml MEM conta in ing 
ant ib io t ics  (100 lU penic i l l in ,  100 ug kanamycin  su l fa te  and 100 yg 
s t reptomycin  sul fa te  per  ml)  and f rozen a t  -70 C unt i l  processed.  
Ser ia l  10-fold  d i lu t ions  of  swab samples  were  t i t ra ted  on BLU 
monolayer  ce l l  cul tures  in  24-wel l  p las t ic  t i ssue  cul ture  p la tes .  
After  a  90 minute  adsorpt ion per iod,  monolayers  were  washed wi th  
MEM and an over lay  conta in ing 1% agarose  (Seakem ME,  Marine  Col lo ids  
Divis ion,  FMC Corporat ion,  Rockland,  Maine) ,  MEM, 5% PCS,  0 .5% 
lac ta lbumin hydrolysate  and ant ib io t ics  was  added.  Cul tures  were  
incubated a t  37 C in  a  5% COg a tmosphere .  Af ter  72 hours  incu­
bat ion,  the  cul tures  were  f ixed wi th  10% buffered neutra l  formal in  
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(BNF),  the  agarose  over lay  was  removed and the  ce l l  monolayers  were  
s ta ined wi th  crys ta l  v io le t .  Plaques  were  enumerated and the  v i rus  
t i te r  was determined.  
Tissue  specimens  for  v i rus  i so la t ion were  col lec ted  a t  necropsy 
and f rozen a t  -70 C.  Tissue  suspensions  (10% in  MEM) were  prepared 
by homogenizat ion wi th  TenBroeck t i ssue  gr inders .  Homogenized 
suspensions  were  cul tured as  descr ibed above.  Nerve  f ibers  were  
cut  in to  1-  to  2-  rrni  f ragments ,  washed wi th  MEM and co-cul t ivated  
wi th  BLU monolayer  ce l l  cul tures .  Virus  was  de tec ted  by cytopathic  
ef fec t  in  the  monolayer .  
Immunofluorescence  Procedures  -  Frozen sec t ions  of  t i ssues  were  
cut ,  a i r  dr ied  and f ixed in  acetone.  Sect ions  were  f looded wi th  
f luorescein-conjugated bovine  ant i - IBRV serum and incubated for  
30 minutes  a t  37 C in  a  mois t  chamber .  Af ter  washing wi th  0 .01 M 
phosphate  buffered sa l ine  (pH 7 .4)  and d is t i l led  water ,  sec t ions  
were  mounted wi th  buffered (pH 8 .6)  g lycerol  and examined by 
f luorescence  microscopy.  Known IBRV pos i t ive  and negat ive  controls  
were  inc luded.  
His to logic  Procedures  -  Samples  of  t i ssues  were  col lec ted  and 
f ixed in  10% BNF.  Tissues  were  prepared by rout ine  paraff in  tech­
niques ,  cut  a t  3  to  4  u  and s ta ined wi th  hematoxyl in  and eos in  for  
l ight  microscopy by s tandard  methods  (143) .  
Elect ron Microscopic  Procedures  -  Tissues  for  th in  sect ion 
examinat ion were  f ixed wi th  3.5% glutera ldehyde in  a  0 .1  M sodium 
cacodyla te  buffer  (pH 7 .2)  for  4  hours  a t  4  C.  Specimens  were  r insed 
40 
in  0 .1  M sodium cacodyla te  buffered sucrose  solut ion (pH 7 .2) ,  
pos t f ixed wi th  buffered 2% OsO^,  dehydrated  in  a  graded a lcohol  
ser ies  and embedded in  an epon-ara ldi te  epoxy res in  according to  
s tandard  methods  (74) .  
Resul ts  
Systemic  Infect ion of  Neonates  -  Neonata l  rabbi ts  d ied  or  
were  moribund 43 hours  fo l lowing in t raper i toneal  inocula t ion of  
IBRV. No gross  les ions  were  observed a t  necropsy.  Virus  was  
i so la ted  f rom lungs ,  k idney,  sp leen,  bra in  and adrenal  g lands .  
Fluorescent  ant ibody examinat ion of  f rozen t i ssue  sect ions  of  
l iver  and adrenal  g lands  demonstra ted  large  mul t ip le  foci  of  IBRV-
speci f ic  f luorescence  (Fig .  1) .  Speci f ic  f luorescence  was  observed 
in  the  spleen,  bra in  and lungs  but  involved only  individual  ce l l s  
or  smal l  foci  of  4  to  6  ce l l s .  
Microscopic  examinat ion revealed an acute  f ibr ino-necrot ic  
p leur i t i s  and per i toni t i s  wi th  adhesions  to  the  l iver ,  k idney,  
pancreas ,  in tes t ine ,  spleen and adrenal  g lands .  The l iver  conta ined 
randomly ar ranged,  in terconnect ing,  mul t i focal  to  d i f fuse  areas  of  
necros is  tha t  involved approximate ly  50% of  the  parenchyma.  Cel ls  in  
necrot ic  foci  were  character ized by karyorrhexis  and cytoplasmic  
f ragmenta t ion.  Necrot ic  areas  were  surrounded by a  zone of  degener­
a t ing vi rus  infected  ce l ls  which conta ined large  in t ranuclear  inc lu­
s ions  and marginated chromat in .  Very few heterophi ls  had inf i l t ra ted  
the  necrot ic  areas .  Adrenal  g lands  conta ined extens ive  wel l -
Figure  1 .  Systemic  IBR v i rus  infect ion in  neonata l  rabbi t  
2  days  a f ter  in t raper i toneal  inocula t ion.  Focus  
of  IBRV-speci f ic  f luorescence  in  adrenal  g land.  
Fluorescence  micrograph x  150.  
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demarcated foci  of  necros is  in  the  zona fasc icula ta  and zona re t icular is  
(Fig .  2  A) .  The hear t  had mul t i focal  areas  of  acute  myocardia l  de­
genera t ion composed of  hyla ine  f ibers  wi thout  s t r ia t ions ,  Scat tered 
necrot ic  ce l l s  occurr ing individual ly  or  in  smal l  groups  were  found 
in  the  spleen.  Lesions  were  not  observed in  o ther  t i ssues .  
Systemic  Infect ion of  Adul ts  -  At  24 to  48 hours  fo l lowing 
in t ravenous  inocula t ion of  IBRV, rabbi ts  had a  febr i le  response  
( to  40.6  C)  of  less  than 24 hours  dura t ion.  No gross  les ions  were  
observed a t  necropsy on PID 6 .  Virus  was  i so la ted  f rom the  adrenal  
g lands  (4 .3  log- jg  PFU/gm) and spleen (3 .0  log^g PFU/gm).  Mul t ip le  
foci  of  IBRV-speci f ic  f luorescence  were  observed in  the  adrenal  
g lands .  Speci f ic  f luorescence  in  the  spleen and l iver  was  l imi ted  
to  scat tered individual  ce l l s .  
Microscopic  examinat ion revealed mul t ip le  foci  of  coagula t ive  
necros is  in  the  zona fasc icula ta  and zona re t icular is  of  the  adrenal  
g lands  (Fig .  2  B) .  Each focus  conta ined a  centra l  mass  of  ce l l  debr is  
surrounded by v i rus  infected  ce l ls  conta in ing in t ranuclear  inclus ion 
bodies .  The les ions  were  inf i l t ra ted  by a  few heterophi ls .  Other  
ce l l s  in  the  adrenal  cor tex  were  swol len  and conta ined a  f ine ly  
granular  cytoplasm.  
Microscopic  examinat ion of  adrenal  g lands  obta ined on PID 30 
conta ined foci  wi th  large  "c lear"  ce l l s  (Fig .  2  C) .  "Clear"  ce l l s  
appeared to  be  la rge ,  space  occupying ce l l s  wi thout  any ce l lu lar  
de ta i l .  Cel ls  in  the  adjacent  areas  were  enlarged which resul ted  in  
disarrangement  of  the  s inusoidal  a rchi tec ture .  
Figure  2 .  Lesions  of  adrenal  g lands  in  sys temic  IBR v i rus  
infect ion of  rabbi ts .  H&E s ta in :  x 50 .  
A.  Focus  of  coagula t ive  necros is  in  zona fasc icula te  
and zona re t icular is  of  IBR v i rus  infected  neo­
nata l  rabbi t  2  days  a f ter  in t raper i toneal  
inocula t ion.  
B.  Focus  of  coagula t ive  necros is  in  zona fasc icula ta  
and zona re t icular is  of  IBR v i rus  infected  adul t  
rabbi t  6  days  a f ter  in t ravenous  inocula t ion.  
C.  Space  occupying "c lear  ce l l s"  in  resolved focal  
les ion of  IBR v i rus  infected  adul t  rabbi t  30 days  
a f ter  in t ravenous  inocula t ion.  
D.  Uninfected  control .  Fol lowing 7  days  dexamethasone 
t rea tment .  
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Systemic  Infect ion of  Dexamethasone Treated  Adul ts  -  After  
in t ravenous  and conjunct ival  inocula t ion wi th  IBRV, dexamethasone 
t rea ted  rabbi ts  developed severe  conjunct iv i t i s ,  labored respi ra t ion,  
anorexia  and severe  depress ion.  One rabbi t  d ied  on PID 4  and the  
second rabbi t  was  k i l led  on PID 7  in  a  moribund s ta te .  A control  
rabbi t  remained c l in ica l ly  normal  dur ing 14 days  of  dexamethasone 
t rea tment .  
Gross  les ions  observed a t  necropsy included enlarged adrenal  
g lands  wi th  extens ive  pale  areas  in  the  cor tex ,  ecchymot ic  hemor­
rhages  in  the  kidney,  mul t ip le  d i f fuse  pale  and red  foci  in  the  
l iver  and severe  conjunct iv i t i s .  
Virus  was  i so la ted  from dai ly  swab samples  of  nasal  and ocular  
secre t ions  and f rom t i ssue  homogenates  of  adrenal  g lands  (4 .7  log^g 
PFU/gm),  l iver  (7 .0  log- jQ PFU/gm) and spleen (2 .3  log^^ PFU/gm).  
Addi t ional ly ,  IBRV was  i so la ted  f rom expiants  of  t r igeminal  and 
opt ic  nerve  f ibers .  Mul t ip le  focal  to  d i f fuse  zones  of  IBRV-speci f ic  
f luorescence  were  observed in  the  adrenal  g lands  and l iver .  Hepato-
cytes  located  near  the  per iphera l  margin  of  necrot ic  foci  had IBRV-
speci f ic  f luorescence  which was  l imi ted  pr imar i ly  to  enlarged nucle i  
(Fig .  3) .  Dif fusely  sca t tered speci f ic  f luorescence  was  observed 
• in - f -ko cnlaan 
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Microscopic  examinat ion revealed mul t ip le  focal  to  d i f fuse  areas  
of  coagula t ive  necros is  in  the  l iver  (Fig .  4) .  Virus  infected  ce l ls  
surrounding necrot ic  foci  conta ined large  in t ranuclear  inclus ion 
bodies  (Fig .  5) .  Numerous  a reas  of  focal  necros is  were  hemorrhagic  
Figure  3 .  Systemic . IBR vi rus  infect ion in  dexamethasone 
t rea ted  adul t  rabbi t .  Focus  of  IBRV-speci f ic  
f luorescence  in  l iver .  Nucle i  of  hepatocytes  near  
per iphera l  margin  of  les ion have IBRV-speci f ic  
f luorescence .  Fluorescence  micrograph x  150.  
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Figure  4 .  Systemic  IBR v i rus  infect ion in  dexamethasone 
t rea ted  adul t  rabbi t .  Mul t ip le  foci  of  coagula t ive  
necros is  in  the  l iver .  H&E s ta in ;  x  75.  
Figure  5 .  Systemic  IBR v i rus  infect ion in  dexamethasone 
t rea ted  adul t  rabbi t .  In t ranuclear  inc lus ions  




and minera l ized.  Dif fuse  coagula t ive  necros is  of  the  adrenal  g lands  
was  l imi ted  to  the  zona fasc icula te  and zona re t icular is .  Lesions  
were  inf i l t ra ted  with  heterophi ls .  Conjunct ival  t i ssue  was  edematous  
and conta ined mul t ip le  focal  areas  of  necros is .  The l imbus  was  in­
f i l t ra ted  with  lymphocytes  and had increased vascular iza t ion which 
extended in to  the  corneal  s t roma.  The corneal  s t roma was  edematous  
and conta ined scat tered inf lammatory  ce l l s .  Bal looning degenera t ion 
of  corneal  epi thel ia l  ce l l s  was  evident  in  focal  areas  and one rabbi t  
had focal  areas  where  the  epi thel ium was denuded.  Les ions  were  not  
observed in  o ther  t i ssues .  
Elect ron microscopic  examinat ion of  l iver  t i ssue  revealed 
hepatocytes  wi th  large  in t ranuclear  inclus ion bodies  tha t  resul ted  
in  marginat ion of  chromat in  (Fig .  6) .  Naked herpesvirus  capsids  were  
observed in  the  nucle i  and enveloped v i r ions  were  observed in  per i ­
nuclear  c is ternae  and cytoplasm of  infected  ce l ls  (Fig .  7) .  
Cel ls  of  the  adrenal  g lands  and l iver  f rom dexamethasone 
t rea ted  control  rabbi ts  were  uniformly enlarged and had a  granular  
cytoplasm (Fig .  2  D) .  
Abor t ion -  Int ravenous  inocula t ion of  four  pregnant  rabbi ts  
wi th  IBRV resul ted  in  e i ther  complete  or  incomplete  abor t ion wi th in  
48 hours .  Incomplete  abor t ions  in  three  rabbi ts  were  manifes ted  by 
expuls ion of  two l ive  fe tuses  ( rabbi t  1)  and d ischarge  of  fe t id  
vaginal  f lu ids  ( rabbi ts  2  and 3) .  Incomplete  abor t ion was  preceded 
by a  febr i le  response  (40.4  C to  40.7  C)  tha t  las ted  for  approximate ly  
24 hours .  Complete  abor t ion ( rabbi t  4)  on PID 2  was  not  accompanied 
Figure  6 .  Systemic  IBR v i rus  infect ion in  dexamethasone 
t rea ted  rabbi t .  Elect ron photomicrograph of  
hepatocyte  wi th  in t ranuclear  inc lus ion body and 
marginated chromat in .  Herpes  v i r ions  are  present  
in  the  nucleus  and the  per inuclear  cys ternae .  
X  10,000.  
Figure  7 .  Systemic  IBR v i rus  infect ion in  dexamethasone 
t rea ted  rabbi t .  Elect ron photomicrograph of  enveloped 
herpesvirus  par t ic les  in  cytoplasm of  hepatocyte .  




by a  febr i le  response .  No c l in ica l  s ign o ther  than abor t ion was  
observed.  
When k i l led  on PID 3 ,  rabbi t  3  conta ined 5  l ive  and 7  dead 
fe tuses .  When k i l led  on PID 6 ,  rabbi ts  1  and 2  conta ined decomposed 
fe tuses .  Adrenal  g lands  of  abor ted  rabbi ts  were  2  to  3  t imes  normal  
s ize  wi th  pale  f r iable  cor t ices  evident  on sec t ion.  
Virus  was  i so la ted  f rom the  adrenal  g lands  of  a l l  rabbi ts  
( t i te rs  3 .0  log^g PFU/gm to  6 .3  log^g PFU/gm) and f rom a l l  p lacentae  
( t i te rs  1 .9  log^g PFU/gm to  4 .0  log^g PFU/gm).  Virus  was  i so la ted  
from the  uteruses  col lec ted  on PID 6 .  The u teruses  and p lacentae  
d id  not  conta in  IBRV-speci f ic  f luorescence .  Virus  was  not  i so la ted  
from pools  of  fe ta l  t i ssues  col lec ted  f rom abor ted  or  re ta ined 
fe tuses .  
Mild  h is to logic  changes  were  observed in  the  placentae  and 
u terus  of  abor ted  rabbi ts .  Microscopic  changes  in  the  placentae  
included a  l ight  inf i l t ra te  of  heterophi ls  and vacuol iza t ion of  
t rophoblas ts .  An uneven perfus ion of  the  placenta l  labyr in th  was  
found in  severa l  sec t ions .  The u terus  conta ined focal  edema and a  
sparse  inf i l t ra te  of  he terophi ls .  Dif fuse  coagula t ive  necros is  of  
the  adrenal  g lands  involved the  zona fasc icula ta  and zona re t icular is .  
No les ions  were  observed in  fe ta l  t i ssues .  
Conjunct iv i t i s  -  Rabbi ts  developed conjunct iv i t i s  wi th in  24 hours  
a f ter  inocula t ion of  IBRV in to  the  conjunct ival  sac .  Ocular  les ions  
were  character ized by hyperemia  and edema of  the  conjunct iva ,  in­
jec ted  sc lera l  vesse ls ,  muco-purulent  d ischarge  and chemosis  (Fig .  8) .  
Rabbi ts  exhibi ted  photophobia  and blepharospasm.  Conjunct iv i t i s  
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pers is ted  for  10 to  14 days .  The eyes  of  control  rabbi ts  remained 
normal .  
Samples  of  ocular  secre t ions  yie lded IBRV on PID day 1  to  13.  
Virus  was  i so la ted  from nasal  secre t ions  on PID 1  to  11.  Virus  t i te rs  
from ocular  secre t ions  exceeded 3 .0  log^Q PFU/swab for  7  days  and then 
decl ined.  Virus  was  i so la ted  from opt ic  and t r igeminal  nerves  col lec ted  
a t  necropsy on PID 11.  
Microscopic  examinat ion revealed conjunct ival  inf lammat ion 
wi th  inf i l t ra t ion of  lymphocytes  and he terophi ls .  Ulcera t ion of  the  
conjunct ival  epi thel ium was evident .  The l imbus  region had an  accu­
mulat ion of  inf lammatory  ce l l s  and increased vascula ture .  
The cornea  was  vascular ized and edematous .  A focus  of  bal looning 
degenera t ion of  the  corneal  epi thel ium was observed in  one rabbi t .  
Dermat i t i s  -  Twelve  hours  post  inocula t ion,  the  in t radermal  
s i te  of  IBRV inocula t ion was  surrounded by an  in tense  zone of  
hyperemia .  At  24 hours  pos t  inocula t ion,  the  les ion had a  5  mm 
hemorrhagic  center  surrounded by a  15 mm edematous  wheal  (Fig .  9) .  
On PID 4 ,  a  dry  crus t  was  adhered to  an under ly ing area  of  dermal  
u lcera t ion.  By PID 6  the  edematous  swel l ing had subsided and the  
centra l  les ion appeared to  be  heal ing.  
Virus  was  recovered f rom serous  exudate  col lec ted  f rom dermal  
les ions  on PID 2 ,  4  and 6 .  Skin  b iopsies  col lec ted  on PID 2  and 6  
had IBRV-speci f ic  f luorescence  res t r ic ted  to  the  area  immediate ly  
surrounding the  epi thel ia l  u lcer .  
Skin  b iopsies  col lec ted  from the  s i te  of  in t radermal  inocula t ion 
Figure  8 .  IBR v i rus  induced conjunct iv i t i s  in  adul t  rabbi t  
6  days  a f ter  inocula t ion.  Rabbi t  had hyperemia  
of  conjunct iva ,  in jec ted  sc lera l  vesse ls ,  muco­
purulent  d ischarge  and chemosis .  
F igure  9 .  IBR v i rus  induced dermat i t i s  in  adul t  rabbi t  
24 hours  a f ter  in t radermal  inocula t ion.  Upper  
markers  refer  to  control  s i tes .  Lower  markers  refer  
to  dermai  les ions .  Lesion consis ts  of  a  hemorrhagic  
center  surrounded by an  edematous  wheal .  
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on PID 2  had les ions  character ized by edematous  swel l ing of  the  
papi l lary  layer  of  the  dermis .  The swol len  dermal  papi l lae  were  
anchored per iphera l ly  by ha i r  fo l l ic les  (Fig .  10 A) .  At  the  inocu­
la t ion s i te  there  was  bal looning degenera t ion of  epidermal  ce l l s ,  
smal l  epidermal  u lcera t ions  (Fig .  10 B)  and an acute  cutaneous  
ce l lu l i t i s  character ized by edema,  inf i l t ra t ion of  lymphocytes  and a  
few heterophi ls .  The under ly ing cutaneous  muscle  was  inf i l t ra ted  
wi th  lymphocytes  and heterophi ls .  Coagula t ive  necros is  and edema of  
the  dermis  resul ted  in  f ragmenta t ion of  col lagen f ibers .  
On PID 6 ,  a  f ibr ino-purulent  crus t  covered epidermal  u lcera t ions  
a t  the  inocula t ion s i te  (Fig .  10 C) .  Epidermal  acanthosis  occurred 
per iphera l  to  the  u lcer .  The ce l lu l i t i s  in  the  dermis  was  resolving 
but  s t i l l  conta ined accumulat ions  of  lymphocytes  and heterophi ls .  A 
cutaneous  myosi t i s  was  present  wi th  a  heavy inf i l t ra t in  of  lympho­
cytes .  Control  s i tes  of  inocula t ion remained unchanged (Fig .  10 D) .  
Respira tory  Disease  -  Int ra t racheal  inocula t ion of  two rabbi ts  
wi th  IBRV resul ted  in  a  febr i le  response  (40.4  C and 40.6  C)  on 
PID 1 .  The temperature  re turned to  normal  wi th in  24 hours ,  On PID 5 ,  
one rabbi t  had a  second febr i le  response  ( to  41.5  C)  tha t  las ted  for  
48 hours .  Rabbi ts  remained c l in ica l ly  normal  throughout  the  exper iment .  
Nasal  secre t ions  conta ined 1 .2  log^g PFU/swab a t  24 hours  pos t  
inocula t ion.  Virus  t i te rs  increased to  3 .3  log^g PFU/swab on PID 3  
and pers is ted  a t  tha t  level  unt i l  rabbi ts  were  k i l led  on PID 7 .  Virus  
was  i so la ted  from swab samples  of  ocular  secre t ions  on PID 3  to  7 
and PID 5  to  7  respect ively .  Virus  was  i so la ted  f rom t rachea ,  lungs  
and nasal  mucosa .  
Dermal  les ions  in  IBR v i rus  infected  rabbi ts .  
H&E s ta in ;  x  65.  
A.  Edematous  swel l ing of  the  papi l lary  layer  of  
the  dermis  2  days  a f ter  in t radermal  inocula t ion.  
B.  Smal l  epidermal  u lcera t ions  a t  s i te  of  in t ra­
dermal  inocula t ion 2  days  pos t  inocula t ion.  
C.  A f ibr ino-purulent  crus t  cover ing epidermal  
u lcera t ions  a t  the  IBR v i rus  inocula t ion s i te  
6  days  pos t  inocula t ion.  
D.  Control  s i te  6  days  a f ter  inocula t ion.  
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Microscopic  examinat ion revealed a  mi ld  pneumoni t i s  tha t  was  
indis t inguishable  f rom les ions  observed in  control  rabbi ts .  Les ions  
were  not  observed in  o ther  t i ssues .  
Vulvovagini t i s  -  Vaginal  inocula t ion of  IBRV resul ted  in  an 
in tense  hyperemia  of  vulvar  t i ssues .  The vulva  had sca t tered  1-  to  
3-  mm pus tular  les ions  tha t  had an adherent  muco-purulent  exudate .  
No o ther  c l in ica l  s igns  were  observed.  
Virus  was  i so la ted  f rom vaginal  swab samples  for  3  days  pos t  
inocula t ion and was  i so la ted  f rom vulvar  and vaginal  t i ssue  a t  necropsy.  
The epi thel ia l  layer  of  vulvar  t i ssue  had IBRV-speci f ic  f luorescence .  
Microscopic  examinat ion revealed hyperemia ,  hemorrhage in  the  
submucosa  and pus tules  in  the  epi thel ium of  the  vulva .  The vulvar  
epi thel ium was d i f fusely  inf i l t ra ted  wi th  heterophi ls  many of  which had 
accumulated  on the  epi thel ia l  surface .  
Discuss ion 
Resul ts  of  these  exper iments  indicate  tha t  IBR v i ra l  infect ion 
can be  es tabl ished in  rabbi ts  when inocula ted  by in t raper i toneal ,  
in t ravenous ,  in t radermal ,  in t ra t racheal  or  conjunct ival  routes  of  
adminis t ra t ion.  The d iverse  c l in ica l  manifes ta t ions  of  IBRV infec­
t ion produced in  rabbi ts  were  s imi lar  to  those  repor ted  in  ca t t le  
(105)  and included neonata l  sys temic  infect ion,  conjunct iv i t i s ,  vulvo­
vagini t i s ,  dermat i t i s ,  abor t ion and respi ra tory  t rac t  infect ion.  
Al though previous  s tudies  (4 ,  15,  28,  117,  195,  254)  have 
demonstra ted  the  suscept ib i l i ty  of  rabbi ts  to  IBRV infect ion,  only  
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l imi ted  vi rus  i sola t ion s tudies  have been conducted (28,  195) .  
In  the  present  s tudy vi rus  i so la t ion and f luorescent  ant ibody s tudies  
demonstra ted  tha t  IBRV was  associa ted  wi th  les ions  produced in  each 
of  the  disease  syndromes.  Fur thermore ,  i so la t ion of  IBRV f rom opt ic  
and t r igeminal  nerves  provided evidence of  neura l  t rans locat ion of  
the  v i rus  f rom pr imary s i tes  of  infect ion which indicates  the  
potent ia l  for  la tent  infect ions  in  the  rabbi t .  
Systemic  infect ion fol lowing in t raper i toneal  inocula t ion of  
neonates  and in t ravenous  inocula t ion of  adul ts  resul ted  in  les ions  
tha t  were  more  extens ive  in  the  neonate  than in  adul t  rabbi ts .  
However ,  dexamethasone t rea tment  exacerbated infect ion in  adul ts  and 
resul ted  in  a  sys temic  infect ion s imi lar  to  neonata l  infect ion.  
Severe  necros is  of  the  adrenal  g lands  was  consis tent ly  produced in  
a l l  sys temic  infect ions .  There  was  focal  hepat ic  necros is  in  neonates  
and in  adul ts  t rea ted  wi th  dexamethasone.  Hepat ic  and adrenal  g land 
les ions  found in  rabbi ts  were  s imi lar  to  those  repor ted  in  bovine  
fe tuses  abor ted  by IBRV infect ion and younq ca lves  wi th  sys temic  
IBRV infect ion (10,  68,  118,  124,  171,  211) .  There  was ,  however ,  a  
s igni f icant  d i f ference  in  tha t  IBRV inc lus ion bodies  were  eas i ly  found 
in  the  l iver  and adrenal  g lands  of  sys temical ly  infected  rabbi ts .  The 
demonstra t ion of  IBRV-speci f ic  f luorescence  of  nucle i  in  IBRV infected  
t i ssue  has  not  been previously  repor ted .  Previous  repor ts  (67,  68 .  
236)  have descr ibed nuclear  f luorescence  as  l imi ted  to  the  nuclear  
membrane a t  the  nucleo-cytoplasmic  junct ion.  Virus  has  been i so la ted  
from the  adrenal  g lands  of  ca lves  af ter  exper imenta l ly  induced IBRV 
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infect ion (45,  68)  and af ter  react ivat ion of  IBRV by cor t icos teroid  
t rea tment  (242) .  
The cause  of  IBRV induced abor t ion in  rabbi ts  appeared to  d i f fer  
s igni f icant ly  from what  has  been repor ted  in  ca t t le  (121,  122,  176,  191) .  
In  ca t t le ,  v i rus  infect ion of  the  placenta  (122,  188,  191)  was  accom­
panied by v i remia  and mul t i focal  coagula t ive  necros is  of  l iver  and 
spleen in  the  fe tus  (118,  122,  124,  191) .  Abor t ions  occurred 15 to  
30 days  fo l lowing IBRV infect ion of  the  dam and severa l  days  a f ter  
fe ta l  death .  In  contras t ,  v i rus  infect ion of  the  placenta  occurred 
in  rabbi ts  but  v i rus  infect ion and microscopic  les ions  were  not  found 
in  rabbi t  fe tuses .  In  rabbi ts ,  l ive  fe tuses  were  expel led  as  ear ly  
as  18 hours  post  inocula t ion and evidence of  impending abor t ion was  
observed in  a l l  rabbi ts  wi th in  48 hours  fo l lowing inocula t ion of  IBRV. 
The cause  of  abor t ion in  rabbi ts  has  not  been proven but  may be  re la ted  
to  the  extens ive  coagula t ive  necros is  observed in  the  adrenal  cor tex  
and the  resul tant  inhibi t ion  of  the  p i tu i tary-ovar ian  axis  due to  re­
lease  of  s teroids  f rom the  adrenal  g lands .  
The var ie ty  of  c l in ica l  syndromes produced in  rabbi ts  by IBRV 
infect ion suggests  tha t  the  rabbi t  may be  wel l -sui ted  as  a  laboratory  
model  for  the  s tudy of  IBRV d isease  pathogenesis ,  v i ra l  la tency,  
pathogenic i ty  of  v i rus  s t ra ins  or  evaluat ion of  vaccine  safe ty  and 
ef f icacy.  
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SUMMARY 
Exper imenta l  infect ion of  eas tern  cot tonta i l  rabbi ts  
(Sylvi lagus  f lor idanus)  wi th  infect ious  bovine  rh inotrachei t i s  
ClBR] v i rus  caused acute  kera toconjunct iv i t i s  and a  fa ta l  sys temic  
infect ion.  The c l in ica l  syndrome was  character ized in i t ia l ly  by 
blepharospasm and ocular  d ischarge .  The rabbi ts  were  markedly  
depressed on pos texposure  day (PED) 5  and were  dead or  moribund on 
PED 6 .  The v i rus  was  readi ly  recovered f rom l iver  and adrenal  g land 
t i ssue  on PED 6  and f rom conjunct ival  swabs  on PED 1  to  6 ,  
His topathologic  s tudies  revealed a  few necrot ic  foci  in  the  
l iver  and mul t ip le  focal  to  di f fuse  necros is  of  the  adrenal  g lands .  
Vira l  i so la t ion and immunofluorescence  tes ts  were  used to  demonstra te  
a  d i rec t  associa t ion between IBR v i ra l  ant igens  and the  les ions .  
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Infect ious  bovine  rh inotrachei t i s  ( IBR) v i rus  i s  a  herpesvirus  
wi th  a  worldwide d is t r ibut ion.  The d iverse  c l in ica l  manifes ta t ions  
of  IBR in  ca t t le  include respi ra tory  t rac t  d isease ,  pus tular  vulvo­
vagini t i s ,  abor t ion,  conjunct iv i t i s ,  infer t i l i ty ,  meningoencephal i t i s ,  
ba lanoposthi t i s ,  and sys temic  infect ion (105) .  The IBR v i rus  has  
been i so la ted  from goats  (175) ,  swine  (50,  233) ,  water  buffa lo  
(263) ,  and mink and fer re ts  (201) .  Infect ion has  been exper imenta l ly  
induced in  mule  deer  (34) ,  goats  (152) ,  swine  (181) ,  fer re ts  (253) ,  
and rabbi ts  (4 ,  15,  28,  117)  and subcl in ica l ly  in  sheep and horses  
(162) .  Serologic  s tudies  indicate  tha t  IBR infect ions  may exis t  in  
addi t ional  species  (2 ,  110,  225) .  
The object ive  in  the  present  research was  to  determine the  
pathogenic i ty  of  IBR v i rus  in  wi ld  eas tern  cot tonta i l  rabbi ts  
(Sylvi laqus  f lor idanus) .  
Mater ia ls  and Methods  
v i rus  -  The Cooper  s t ra in  of  IBR v i rus  used^ had been passaged 
e ight  t imes  before  receipt  and then was  passaged two t imes  in  Georgia  
bovine  kidney (GBK) ce l l s .The stock prepara t ion used for  inocu-
Q 
la t ion  conta ined 1 .0  x  10 plaque forming uni ts  (PFU)/ml .  
®Dr.  A.  S t ra t ing,  Nat ional  Veter inary  Services  Laboratory ,  
Ames,  Iowa.  
^Dr .  R.  F .  Solarzano,  Univers i ty  of  Missour i ,  Columbia ,  MO. 
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Animal  Inocula t ion -  Adul t  rabbi ts  were  inocula ted  by 
in t ravenous  adminis t ra t ion of  1 .0  ml of  IBR s tock v i rus  and by 
f looding each eye  wi th  0 .2  ml of  the  v i rus  prepara t ion.  Control  
rabbi ts  were  inocula ted  in  the  same manner  wi th  Eagle ' s  minimum 
essent ia l  medium (MEM).  
Vira l  I sola t ion Procedures  -  Cel l  cul tures  were  grown in  MEM 
supplemented wi th  10% y- i r radia ted  bovine  fe ta l  serum and ant ib io t ics  
(100 u of  penic i l l in ,  100 yg of  kanamycin  su l fa te ,  and 100 ug of  
s t reptomycin  sul fa te  per  ml) .  Conjunct ival  swabs  were  col lec ted  
dai ly  and immersed in  1 .0  ml of  MEM conta in ing ant ib io t ics .  Swab 
samples  were  ser ia l ly  di lu ted  and t i t ra ted  on Georgia  bovine  k idney 
monolayer  cul tures  in  24-wel l  p las t ic  t i ssue  cul ture  p la tes .  After  
a  90-minute  adsorpt ion per iod,  MEM conta in ing 5% bovine  fe ta l  serum 
and ant ib io t ics  was  added and the  cul tures  were  incubated a t  37 C.  
Cul tures  were  examined dai ly  for  cytopathic  ef fec t .  
Tissues  f rom lung,  l iver ,  spleen,  and adrenal  g land were  taken 
f rom rabbi ts  a t  necropsy.  Tissue  suspensions  (10%) in  MEM were  pre­
pared by homogenizat ion wi th  TenBroeck t i ssue  gr inders .  The homog­
enized suspensions  were  cul tured as  descr ibed ear l ier .  
Fluorescent  Ant ibody and His topathologic  Examinat ions  -  Frozen 
sec t ions  of  lung,  l iver ,  spleen,  and adrenal  g land were  cut ,  a i r -dr ied  
and f ixed in  acetone.  The sec t ions  were  f looded wi th  f luorescein-
conjugated bovine  ant i - IBR serum and incubated for  30 minutes  a t  
37 C in  a  mois t  chamber .  Af ter  the  sect ions  were  washed wi th  0 .01 M 
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phosphate-buffered sa l ine  solut ion (pH 7 .4)  and d is t i l led  water ,  
they were  mounted wi th  buffered g lycerol  (pH 8 .6)  and examined by 
f luorescent  microscopy.  Cel l  cul tures  of  v i rus  i sola ted  from 
infected  t i ssues  were  s imi lar ly  examined.  Known IBR v i rus-posi t ive  
and -negat ive  controls  were  inc luded.  Var ious  t i ssue  specimens  
col lec ted  a t  necropsy were  f ixed in  10% buffered formal in  for  
microscopic  examinat ion.  
Resul ts  
Infect ion of  Rabbi ts  -  Rabbi ts  developed mild  conjunct iv i t i s  
wi th in  24 hours  a f ter  inocula t ion.  By pos texposure  day (FED) 3 ,  
the  conjunct iv i t i s  had increased in  sever i ty  wi th  in tense  hyperemia  
and marked edema,  which caused the  conjunct iva  and n ic i ta t ing membrane 
to  prot rude between the  eyel ids .  Rabbi ts  exhibi ted  blepharospasm,  
photophobia ,  and serous  ocular  d ischarge .  The sc lera l  b lood vesse ls  
were  in jec ted ,  and the  sc lera  was  hyperemic .  The eyel ids  were  markedly  
swol len  and r ig id ly  f ixed on RED 5  (Fig .  1) .  There  were  dehydrat ion 
of  the  exposed t i ssues  and c louding of  the  cornea .  Rabbi ts  2  and 3  
had a  foamy,  purulent  d ischarge  f rom the  eyes  and nasal  cavi ty .  Al l  
rabbi ts  were  severe ly  depressed on PED 5 .  On RED 6 ,  rabbi ts  1  and 3  
died  and rabbi ts  2  and 4  were  k i l led  because  of  the i r  moribund s ta te .  
Vira l  I sola t ion -  Resul ts  of  IBR v i ra l  i so la t ion from swab samples  
and t i ssue  homogenates  a re  summarized in  Table  1 .  The t i te rs  of  IBR 
v i rus  i so la ted  from dai ly  conjunct ival  samples  a re  shown in  Figure  2 .  
Nasal  swab samples  y ie lded IBR v i rus  on PED 5 .  The eye  and nasal  
Figure  1 .  Eastern  cot tonta i l  rabbi t  5  days  a f ter  inocula t ion 
wi th  2  X  10^ PFU of  Cooper  IBR v i rus .  Rabbi t  had 
severe  conjunct iv i t i s  wi th  accumulat ion of  mucous  
exudate  and excess ive  lacr imat ion.  
Figure  2 .  Average v i rus  t i te rs  (TCID/swab)  in  conjunct ival  
swabs  f rom rabbi ts  inocula ted  in  the  conjunct ival  
sac  wi th  2  x  10^ PFU of  IBR v i rus .  
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DAYS POST INOCULATION 
Table  1 .  Resul ts  of  v i ra l  i so la t ion and f luorescent  ant ibody procedures  on cot tonta i l  
rabbi ts  inocula ted  wi th  IBR v i rus  
Adrenal  Corneal  Conjunct ival  
Rabbi t  Spleen Liver  Lung g land smears  swabs  
No.  
FAT I so-b  FAT Iso-  FAT I so-  FAT Iso-  FAT Isola t ion 
la t ion la t ion la t ion la t ion 




+ 1 .0  — + 4.5  + + (day 1-6)  
3  (6 ,  day 6)  1 .0  + 1 .5  + 2.5  + + (day 1-5)  
4  - - — — — + 2.0  + + (day 1-5)  
5  (control )  
6  (control )  
^FAT = f luorescent  ant ibody tes t  
v i ra l  i so la t ion,  t i te r  i s  expressed as  log^g TCID^g/ml  of  10% t i ssue  homogenate .  
^6= death .  
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discharges  f rom rabbi ts  2  and 3  y ie lded vi rus  and Bordete l la  sp  
on cul ture .  Vira l  i so la tes ,  were  ident i f ied  as  I  BR v i rus  by immuno-
f luorescent  tes ts  of  infected  ce l l  cul tures .  
Fluorescent  Ant ibody and His topathologic  Examinat ions  -  Resul ts  
of  immunofluorescence  tes ts  of  t i ssues  are  summarized in  Table  1 .  
Adrenal  g land t i ssue  conta ined mul t ip le  focal  areas  of  speci f ic  
f luorescence  (Fig .  3)  which corresponded wi th  microscopic  les ions .  
Speci f ic  f luorescence  of  l iver  t i ssue  was l imi ted  to  individual  ce l l s  
wi th  few foci  present .  Corneal  impress ion smears  col lec ted  on FED 3  
had IBR v i rus-speci f ic  f luorescence .  
Pathologic  changes  in  the  adrenal  g lands  consis ted  of  mul t ip le  
foci  and d i f fuse  areas  of  necros is  (Fig .  4)  which involved 30% to  80% 
of  the  adrenal  cor tex  in  rabbi ts  1 ,  2 ,  and 4 .  The necrot ic  foci  
involved only  the  adrenal  medul la  in  rabbi t  3 .  These  foci  conta ined 
a  cent ra l  mass  of  necrot ic  ce l lu lar  debr is  tha t  was  surrounded by a  
zone of  degenera t ing ce l ls  and was  inf i l t ra ted  by numerous  he terophi l ic  
leukocytes .  Cel ls  located  per iphera l ly  to  the  necrot ic  foci  were  
hyperchromat ic  wi th  marginat ion of  chromat in  around large  in t ranuclear  
inc lus ions .  Rabbi ts  1 ,  2,  and 3  had hepat ic  les ions  which pr imar i ly  
consis ted  of  randomly d is t r ibuted hyperchromat ic  hepatocytes  wi th  
pyknot ic  nucle i .  Foci  of  coagula t ive  necros is  were  observed inf re­
quent ly .  
Examinat ion of  ocular  t i ssues  revealed an acute  kera toconjunc­
t iv i t i s  and i r idocycl i t i s  character ized by inf i l t ra ted  heterophi l ic  
Figure  3 .  F luorescence  microscopy of  sec t ion  of  adrena l  
g land  f rom a  rabbi t  6  days  a f te r  in t ravenous  
inocula t ion  of  1  x  10^  PFU of  IBR v i rus .  Two 
foc i  of  f luorescence  spec i f ic  for  IBR v i rus  a re  
v is ib le ,  x  235 .  
F igure  4 .  Sec t ion  of  adrena l  g land  f rom a  rabbi t  6  days  a f te r  
g  
in t ravenous  inocula t ion  of  1  x  10  PFl i  IBR v i rus .  
A focus  of  coagula t ive  necros is  i s  ev ident .  H&E 
s ta in ;  x  235 .  
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l eukocytes .  The  cornea  was  denuded of  ep i the l ium,  except  in  a reas  
ad jacent  to  the  corneo-sc le ra l  junc t ion .  In t ranuclear  inc lus ions  
were  observed  in  the  in tac t  cornea l  ep i the l ium.  There  was  marked  
edema of  the  cornea l  s t roma wi th  a  l igh t  in f i l t ra te  of  he te rophi l ic  
leukocytes .  There  was  mi ld  pneumoni t i s  in  the  lungs ,  charac te r ized  
by  an  in f i l t ra te  of  mononuclear  ce l l s  in  a lveolar  sep tae .  The  
t rachea l  ep i the l ium cons is ted  of  f la t tened  s t ra t i f ied  squamous  ce l l s  
devoid  of  goble t  ce l l s .  The  few c i l ia  remain ing  were  shor t ,  th ick ,  
and  c lub- l ike .  Pa thologic  changes  were  no t  observed  in  cont ro l  
rabbi t s .  
Discuss ion  
Resul t s  of  these  exper iments  ind ica te  tha t  IBR v i ra l  in fec t ion  
can  be  es tab l i shed  in  eas te rn  co t ton ta i l  rabbi t s  wi th  a  resu l tan t  
severe  kera toconjunct iv i t i s  and  dea th .  Accord ing  to  an  ear l ie r  repor t  
(117) ,  IBR v i ra l  in fec t ion  of  l abora tory  rabbi t s  under  10  days  of  
age  resu l ted  in  dea th  and  microscopic  foca l  necro t ic  les ions  of  adrena l  
g lands  and  l iver .  Infec t ion  of  adul t  labora tory  rabbi t s  produced  
mi ld  conjunct iv i t i s  (15 ,  117) ,  dermal  l es ions  (4 ,  28) ,  and  necro t ic  
foc i  in  the  l iver  (1  of  7  rabbi t s )  and  the  adrena l  g lands  (2  of  7  
rabbi t s )  (117) .  In  the  present  s tudy  IBR in fec t ion  in  adul t  eas te rn  
co t ton ta i l  rabbi t s  was  more  severe  than  tha t  repor ted  in  adul t  l abora­
tory  rabbi t s  and  was  s imi la r  to  tha t  repor ted  in  neonata l  l abora tory  
rabbi t s .  
Infec t ion  of  ca t t le  wi th  IBR v i rus  produced  conjunct iv i t i s  
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with  or  wi thout  the  c lass ic  s igns  of  resp i ra tory  t rac t  involvement  
(105) .  Bovine  fe tuses  abor ted  due  to  IBR v i ra l  in fec t ion  (105)  
have  microscopic  necro t ic  foc i  in  adrena l  g lands  and  l iver  tha t  
a re  s imi la r  to  the  les ions  found in  co t ton ta i l  rabbi t s .  Foca l  
necros is  of  the  l iver  (10 ,  211)  and  the  adrena l  g lands  (68)  has  
been  repor ted  in  young ca lves  infec ted  wi th  IBR v i rus .  Addi t iona l ly ,  
IBR v i rus  has  been  i so la ted  f rom adrena l  g lands  a f te r  exper imenta l ly  
induced  IBR v i ra l  in fec t ion  (45 ,  68)  and  a f te r  reac t iva t ion  of  IBR 
v i rus  by  cor t icos te ro id  t rea tment  (242) .  
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PART I I I .  CLEARANCE AND SHED OF INFECTIOUS BOVINE 
RHINOTRACHEITIS VIRUS FROM THE NASAL MUCOSA 
IN IMMUNE AND NONIMMUNE CALVES 
This  manuscr ip t  has  been  accepted  for  publ ica t ion  in  the  
Amer ican  Journa l  of  Veter inary  Research  
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SUMMARY 
Infec t ious  bovine  rh inot rache i t i s  ( IBR)  v i rus  was  rap id ly  
c leared  f rom the  nasa l  mucosa  of  ca lves  fo l lowing  in t ranasa l  aerosol  
exposure .  Nonimmune ca lves  c leared  10^  p laque  forming  uni t s  (PFU)  
v i rus  f rom the  nasa l  mucosa  in  less  than  4  h  and  10^  PFU v i rus  in  
1  h .  An ec l ipse  phase  fo l lowed the  c learance  of  v i rus  inoculum.  
Repl ica t ing  v i rus  was  f i r s t  de tec ted  9  h  a f te r  inocula t ion .  Virus  
t i t e rs  increased  in  a  s tep-wise  manner  un t i l  maximum t i t e rs  were  
a t ta ined  on pos t  inocula t ion  day  4 .  Vi rus  pers i s ted  in  the  nasa l  
mucus  un t i l  day  12 .  Cl in ica l  s igns  cor responded wi th  v i rus  shed .  
9  In  cont ras t  to  nonimmune ca lves ,  immune ca lves  c leared  10  PFU v i rus  
in  1  hr  and  10^  PFU v i rus  in  less  than  5  min .  An abor t ive  re infec t ion  
occurred  fo l lowing  cha l lenge  of  immune ca lves  wi th  10^  PFU v i rus .  
Vi rus  was  f i r s t  de tec ted  in  these  ca lves  a t  15  h  a f te r  inocula t ion  
and  was  no t  de tec ted  beyond 24  h  pos t  inocula t ion .  Immune ca lves  
tha t  rece ived  10^  PFU v i rus  d id  not  shed  v i rus  a f te r  c learance  of  
inoculum.  Cl in ica l  s igns  were  no t  observed  in  immune ca lves  fo l lowing  
v i rus  cha l lenge .  There  was  no  de tec tab le  res idua l  v i rus  beyond 
4  hr  pos t  inocula t ion .  
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Bovine  Herpesvi rus  1  in fec t ion  i s  mani fes ted  by  severa l  
c l in ica l ly  d is t inc t  d isease  syndromes  inc luding  resp i ra tory  t rac t  
d i sease ,  vu lvovagin i t i s ,  ba lanopos th i t i s ,  abor t ion ,  conjunct iv i t i s  
and  meningoencephal i t i s .  These  c l in ica l  d i sease  syndromes ,  commonly  
known as  in fec t ious  bovine  rh inot rache i t i s  ( IBR) ,  were  recent ly  
rev iewed (105) .  The  resp i ra tory  form of  IBR i s  a  s ign i f icant  com­
ponent  o f  the  bovine  resp i ra tory  d isease  complex .  
Pulmonary  c learance  techniques  have  been  used  to  s tudy  the  
phys io logica l  c learance  mechanisms of  the  resp i ra tory  t rac t  and  
c learance  ra tes  for  bac ter ia  have  been  de te rmined  in  severa l  an imals  
spec ies  (138) .  The  pulmonary  c learance  of  bac te r ia  in  nonimmune 
an imals  has  been  u t i l i zed  to  s tudy  the  e f fec t  of  the  envi ronment ,  
in fec t ious  agents  and  immunologic  mechanisms on  resp i ra tory  d isease .  
S imi la r  pulmonary  c learance  da ta  a re  lacking  for  v i ra l  agents  due  to  
the  absence  of  techniques  for  observ ing  the  behavior  of  d i spersed  
v i rus  par t ic les  on  mucous  membranes .  Immune c learance  of  v i ruses  
f rom the  resp i ra tory  t rac t  i s  a t t r ibu ted  to  spec i f ic  immunologic  
mechanisms,  phagocytos is  and  in te r fe ron  ac t iv i ty  (279) .  The  shed  of  
v i rus  f rom resp i ra tory  t rac t  infec t ions  commonly  has  been  de te rmined  
us ing  da i ly  nasa l ,  pharyngea l  o r  t rachea l  swab samples .  
The  ob jec t ive  of  the  present  research  was  to  inves t iga te  the  
c learance  and  shed  of  IBR v i rus  f rom the  nasa l  mucosa  o f  immune and  
nonimmune ca lves .  Knowledge  of  the  normal  phys io logica l  c learance  
ra te  of  v i rus  f rom the  nasa l  mucosa  i s  essent ia l  when eva lua t ing  the  
e f fec t  of  immune mechanisms on  the  c learance  ra te .  
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Mater ia l s  and  Methods  
Vi rus . -  The  Cooper  s t ra in  of  IBR was  rece ived  a t  the  e ighth  
passage  leve l ,^  and  then  was  passed  two t imes  in  bovine  lung  ce l l s  
(BLU).  The  s tock  prepara t ion  of  v i rus  used  for  inocula t ion  con­
ta ined  1 .0  X 10^ plaque  forming  uni t s  (PFU)/ml .  
Animals  -  Cross-bred  ca lves  (3-6  months  o ld)  of  both  sexes  
were  ob ta ined ,  d iv ided  in to  2  groups  and  housed  in  i so la t ion  uni t s  
throughout  th i s  s tudy .  
Animal  Inocula t ion  -  Group 1  ca lves  (n=3)  rece ived  a  h igh  t i t e r  
v i rus  inoculum (4  x  10^  PFU) .  Calves  were  inocula ted  wi th  2  ml  o f  
s tock  v i rus  in to  each  nos t r i l .  A gas-powered  a tomizer  was  used  to  
de l iver  the  inoculum as  prev ious ly  descr ibed  (248) ,  Group 2  ca lves  
(n=4)  were  inocula ted  in  the  same manner  wi th  a  s tandard  cha l lenge  
v i rus  inoculum^ (1  x  10^  PFU) .  
Af te r  30  days  recovery ,  the  inocula t ions  were  repea ted  in  the  
respec t ive  groups  ( immune an imals )  us ing  ident ica l  inocula .  One  ca l f  
in  group 1  was  necrops ied  for  o ther  s tud ies .  
Virus  I so la t ion  -  Nasa l  secre t ions  were  co l lec ted  on  swabs  for  
3  days  pr ior  to  exposure  and  a t  var ious  in te rva ls  (See  F igure  1  and  
2)  th rough 12  days  pos t -exposure .  Nasa l  secre t ions  were  co l lec ted  by  
®Dr.  A.  S t ra t ing ,  Nat iona l  Veter inary  Serv ices  Labora tory ,  
Ames ,  Iowa.  
' ^Pro tocol ,  IBR vacc ine  potency  t es t .  Chal lenge  v i rus ,  Nat iona l  
Veter inary  Serv ices  Labora tory ,  Ames ,  Iowa.  
Figure  1 .  Clearance  of  IBR v i rus  f rom the  nasa l  mucosa  o f  
immune ( •  -O)  and nonimmune (#  ®)  
ca lves  fo l lowing  in t ranasa l  inocula t ion  wi th  (A)  
1  X 10^  PFU IBR v i rus  and  (B)  1  x  10^  PFU IBR v i rus .  
F igure  2 .  I so la t ion  of  IBR v i rus  f rom the  nasa l  mucosa  of  
immune and  nonimmune ca lves  fo l lowing  in t ranasa l  
inocula t ion  wi th  IBR v i rus .  
Symbol  s  :  
® = Nonimmune ca l f  inocula ted  wi th  1  x 10^ PFU v i rus  
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Za = Immune ca l f  cha l lenged  wi th  1  x 10 PFU v i rus ;  
Q = Nonimmune ca l f  inocula ted  wi th  1 x 10 PFU v i rus ;  
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inser t ing  a  15  cm co t ton- t ipped  swab to  i t s  fu l l  length  in to  the  
l e f t  vent ra l  nasa l  meatus .  Swabs  were  submerged  in  1  ml  Eagle ' s  
minimum essent ia l  medium (MEM.)  supplemented  wi th  5% gamma i r rad ia ted  
fe ta l  ca l f  serum (PCS)  and  an t ib io t ics  (100  un i t s  penic i l l in ,  100  yg  
s t rep tomycin  su l fa te  and  100  yg  kanamycin  su l fa te  per  ml)  and  were  
f rozen  a t  -70  C un t i l  t es ted  for  v i rus .  Swab samples  were  se r ia l ly  
d i lu ted  and  t i t ra ted  in  quadrupl ica te  on  BLU monolayer  cu l tures  in  
24-wel l  p las t ic  t i s sue  cu l ture  p la tes .  Af te r  90  minutes  adsorp t ion ,  
the  cu l tures  were  washed  wi th  MEM, and  over la id  wi th  1% agarose  
conta in ing  MEM, 5% PCS and  an t ib io t ics .  Cul tures  were  incubated  a t  
37  C fo r  72  hours  and  then  f ixed  wi th  10% buf fered  formal in .  The  
agarose  layer  was  removed and  the  ce l l  shee t  was  s ta ined  wi th  c rys ta l  
v io le t .  P laques  were  enumera ted  and  the  v i rus  t i t e r  was  recorded  
as  the  average  of  4  rep l ica tes .  
Sero logic  Procedures  -  Ant i - IBR serum ant ibody t i t e rs  were  
de te rmined  by  p laque- reduct ion-neut ra l iza t ion  tes t s .  Two-fo ld  
se r ia l  d i lu t ions  of  hea t  inac t iva ted  serum (56  C fo r  30  min)  were  
mixed  wi th  equal  volumes  of  MEM conta in ing  1000 PPU IBR v i rus /ml  
and  incubated  for  1  hour  a t  37  C.  Monolayers  o f  BLU ce l l s  in  35  mm,  
6 -wel l  p las t ic  t i s sue  cu l ture  p la tes  were  inocula ted  wi th  0 .2  ml  o f  
se rum-vi rus  mixture .  Af te r  adsorp t ion  of  the  serum-vi rus  mixture  
for  1  h  a t  37  C,  the  cu l tures  were  processed  as  descr ibed  in  "v i rus  
i so la t ion" .  The  se rum-neut ra l iza t ion  t i t e r  was  the  rec iproca l  of  the  
h ighes t  serum d i lu t ion  tha t  reduced  the  p laque  count  by  a t  leas t  
50%.  
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Resul t s  
Disease  Product ion  -  Calves  deve loped  IBR in fec t ion  tha t  was  
charac te r ized  by tempera tures  to  41 .7  C,  reduced  appet i te ,  increased  
resp i ra t ion  ra te ,  s l igh t  dyspnea ,  cough and  a  mucopurulen t  nasa l  
d i scharge .  In i t ia l ly ,  the  nasa l  mucosa  was  hyperemic  wi th  numerous ,  
smal l  herpe t ic  pus tu les  observed  be tween 12  and  24  hr .  The  pus tu les  
en larged  and  coa lesced  by  72  h  to  form adherent  f ib r ino-necro t ic  
p laques  involv ing  approximate ly  70% of  the  v is ib le  nasa l  mucosa .  
Cl in ica l  s igns  subs ided  on  pos t  inocula t ion  day  (PID)  7  and  ca lves  
recovered  wi thout  compl ica t ions .  At  pos t  mor tem examinat ion  of  
one  ca l f  on  PID 8  there  were  necro t ic  p laques  on  the  nasa l  and  
tu rb ina te  mucosae .  His to logic  les ions  cons is ted  of  mul t i foca l  to  
d i f fuse  necros is  of  the  nasa l  cav i ty  mucosae  and  the  tons i l s .  
Re-exposure  of  ca lves  to  IBR v i rus  on  PID 30  d id  not  produce  c l in ica l  
s igns  or  les ions .  
Sero logy  -  Plaque- reduct ion  serum neut ra l iza t ion  an t ibody to  
IBR was  no t  de tec ted  in  ca lves  pr ior  to  v i rus  inocula t ion .  Calves  
had  an t i - IBR serum ant ibody t i t e rs  of  1 :16  to  1 :54  when cha l lenged  
on  PID 30 ,  No d i f fe rences  were  observed  in  an t ibody t i t e rs  produced  
6  9  fo l lowing  inocula t ion  wi th  10  or  10  PFU v i rus .  
Vi rus  Clearance  -  Figure  1  i l lus t ra tes  the  c learance  t ime for  
IBR v i rus  f rom the  nasa l  mucosa  in  nonimmune and  immune ca lves  
fo l lowing  inocula t ion  wi th  10^  PFU v i rus  (F igure  lA)  and  10^  PFU 
v i rus  (F igure  IB) .  
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Virus  Shed  -  An ec l ipse  phase ,  dur ing  which  v i rus  could  not  be  
i so la ted  f rom nasa l  swabs ,  fo l lowed the  c learance  of  v i rus  inoculum.  
F igure  2  i l lus t ra tes  the  shed  of  v i rus  a f te r  cha l lenge  of  immune and  
nonimmune ca lves .  Virus  was  f i r s t  de tec ted  in  the  nasa l  mucus  of  
nonimmune ca lves  9  h  a f te r  in t ranasa l  inocula t ion  wi th  10^  PFU v i rus .  
When nonimmune ca lves  were  inocula ted  wi th  lO^ PFU IBR v i rus ,  v i rus  
was  f i r s t  de tec ted  in  the  nasa l  mucus  a t  14  h .  Immune ca lves  
g  
cha l lenged  wi th  10  PFU shed  IBR v i rus  for  approximate ly  24  h  a f te r  
cha l lenge .  No v i rus  was  shed  f rom immune ca lves  fo l lowing  cha l lenge  
wi th  10^  PFU IBR v i rus .  
Discuss ion  
9  
The  v i rus  i so la t ion  da ta  in  ca lves  g iven  10  PFU IBR v i rus  
in t ranasa l ly  have  severa l  p roper t ies  which  cor re la te  wi th  in  v i t ro  
s ingle-s tep  growth  curves  of  IBR v i rus .  An ec l ipse  phase  of  9  h  
a f te r  inocula t ion  cor responds  wi th  the  f i r s t  appearance  of  ex t ra ­
ce l lu la r  v i rus  in  in  v i t ro  s tudies  (26 ,  251) .  The  subsequent  s tep­
wise  increase  in  v i rus  t i t e rs  ind ica te  tha t  severa l  cyc les  of  v i rus  
rep l ica t ion  occurred  pr ior  to  the  a t ta inment  of  maximum v i rus  t i t e rs  
on  PID 4 .  This  was  to  be  expec ted  because  the  ce l l s  of  the  resp i ra ­
tory  t rac t  in i t ia l ly  rece ived  a  low mul t ip l ic i ty  of  in fec t ion  and  
because  v i rus  infec t ion  occurred  in  the  presence  of  resp i ra tory  t rac t  
c learance  mechanisms.  
I t  i s  genera l ly  accepted  (220)  tha t  herpesvi rus  vacc ines  only  
pro tec t  aga ins t  d i sease  and  not  in fec t ion .  Previous ly  vacc ina ted  
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ca lves  shed  IBR v i rus  fo l lowing  in t ranasa l  cha l lenge  desp i te  
ev idence  of  loca l  immuni ty  in  the  resp i ra tory  t rac t  (60 ,  159 ,  251 ,  
274 ,  302) .  Humora l  an t ibody p lays  a  c ruc ia l  ro le  in  media t ing  spec i f ic  
immune p ro tec t ion  aga ins t  v i ra l  re infec t ion  (220) .  Addi t iona l ly ,  
many nonspec i f ic  humora l  subs tances  such  as  complement  and  in te r ­
feron  a re  involved  in  an t iv i ra l  immuni ty  (220) .  In  th i s  s tudy  IBR 
v i rus  was  no t  de tec ted  fo l lowing  cha l lenge  of  immune an imals  wi th  
10^  PFU v i rus ,  whereas  an  abor t ive  re infec t ion  was  de tec ted  fo l lowing  
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cha l lenge  wi th  10  PFU.  The  shed  of  v i rus  fo l lowing  cha l lenge  of  
immune an imals  was  a t  lower  t i t e rs  and  for  a  shor te r  per iod  of  t ime 
than  tha t  found in  pr imary  in fec t ions  as  prev ious ly  repor ted  (60 ,  302) .  
In te rpre ta t ion  of  v i rus  i so la t ions  fo l lowing  in t ranasa l  cha l lenge  
of  vacc ina ted  an imals  has  been  confounded by  the  lack  of  knowledge  
of  the  fa te  of  v i r ions  in  the  inoculum.  Virus  present  in  nasa l  
secre t ions  dur ing  the  f i r s t  6  days  fo l lowing  in t ranasa l  cha l lenge  
exposure  has  been  descr ibed  as  res idua l  cha l lenge  v i rus  and  not  rep­
l ica t ing  v i rus  (60 ,  159) .  The  da ta  presented  here in  es tab l i sh  tha t  
the  v i rus  conta ined  in  an  in t ranasa l  aerosol  inoculum was  rap id ly  
c leared  f rom the  upper  resp i ra tory  t rac t  of  both  immune and  nonimmune 
ca lves .  The  t ime of  v i rus  c learance  was  d i rec t ly  re la ted  to  both  the  
immune s ta tus  of  the  rec ip ien t  ca lves  and  the  quant i ty  of  v i rus  adminis ­
te red .  Virus  i so la ted  a f te r  the  ec l ipse  phase  of  IBR v i rus  infec t ion  
(9  h  a f te r  inocula t ion)  was  the  resu l t  of  v i rus  rep l ica t ion  and  was  
no t  res idua l  v i rus .  
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PART IV.  EXPERIMENTAL SUBUNIT VACCINES FOR INFECTIOUS 
BOVINE RHINOTRACHEITIS 
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Journa l  of  Veter inary  Research  
90 
EXPERIMENTAL SUBUNIT VACCINES FOR INFECTIOUS BOVINE RHINOTRACHEITIS 
H.  W.  Lupton ,  DVM, MS 
D.  E .  Reed ,  PHD 
From the  Veter inary  Medica l  Research  Ins t i tu te ,  Iowa S ta te  
Univers i ty ,  Ames ,  Iowa 50011.  
Suppor ted  in  par t  by  Iowa Beef  Indus t ry  Counci l  and  S ta te  of  
Iowa Appropr ia t ion  - -  Iowa Lives tock  Advisory  Counci l .  
The  au thors  wish  to  thank  M.  W.  Pe te rson ,  Beecham Labora tor ies ,  
Whi te  Hal l ,  I l l ino is  for  ass i s tance  in  conduct ing  exper iment  one .  
91 
SUMMARY 
Subuni t  in fec t ious  bovine  rh inot rache i t i s  ( IBR)  an t igens  were  
prepared  by  so lubi l iza t ion  of  IBR v i rus  infec ted  ce l l  cu l tures  wi th  
nonionic  de te rgents  Tr i ton  X-100 and  NP-40.  When used  wi th  Freund ' s  
incomple te  ad juvant ,  Tr i ton  X-100 and  NP-40 subuni t  an t igens  induced  
h igh  serum neut ra l iza t ion  t i t e rs  in  vacc ina tes .  Two doses  of  Tr i ton  
X-100 and  NP-40 subuni t  vacc ine  prevented  c l in ica l  s igns  of  d i sease  
in  a l l  vacc ina tes  fo l lowing  in t ranasa l  cha l lenge  wi th  Cooper  s t ra in  
IBR v i rus .  Fur thermore ,  two doses  of  NP-40 subuni t  vacc ine  prevented  
infec t ion  in  a l l  vacc ina tes  fo l lowing  cha l lenge .  
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Infec t ious  bovine  rh inot rache i t i s  ( IBR)  was  f i r s t  recognized  
as  a  d i s t inc t  d isease  of  ca t t le  dur ing  the  1950 ' s  (170 ,  238) .  Con­
s i s ten t  wi th  the  charac te r i s t ics  of  o ther  herpesvi ruses ,  IBR v i rus  
( IBRV) rep l ica tes  in  a  wide  range  of  ce l l  types  and  produces  d iverse  
d isease  mani fes ta t ions  which  inc lude  resp i ra tory  t rac t  d i sease ,  
conjunct iv i t i s ,  vu lvovagin i t i s ,  abor t ion ,  ba lanopos th i t i s ,  meningo­
encephal i t i s ,  a l imentary  t rac t  d isease  and  fa ta l  sys temic  in fec t ion .  
The  l i t e ra ture  of  IBR has  been  ex tens ive ly  rev iewed (25 ,  51 ,  53 ,  105 ,  
154, 160, 173, 215,  232 ,  252) .  
.  The  f i r s t  IBRV vacc ine  cons is ted  of  a  paren tera l ly  adminis te red  
modi f ied  l ive  v i rus  (MLV) tha t  had  been  a t tenuated  by  rap id  passage  
in  bovine  ce l l  cu l ture  (239) .  Subsequent  paren tera l ly  adminis te red  
MLV vacc ine  s t ra ins  were  a t tenuated  by  adapta t ion  to  porc ine  (240)  
o r  canine  (299)  ce l l  cu l tures ;  by  adapta t ion  to  ce l l  cu l tures  a t  
30  C (96) ;  o r  by  se lec t ion  of  hea t  s tab le  mutants  (56  C fo r  40  minutes )  
(13) .  In t ranasa l ly  adminis te red  MLV vacc ine  s t ra ins  have  been  
a t tenuated  by  se r ia l  passage  in  rabbi t  ce l l  cu l ture  (272)  o r  modi f ied  
by  t rea tment  wi th  HNO^ fo l lowed by  se lec t ion  of  tempera ture-sens i t ive  
mutants  (302) .  Inac t iva ted  IBRV vacc ines  (hereaf te r  inac t iva ted  
vacc ine)  have  been  produced  by  formal in  t rea tment  (299) ,  e thanol  
t rea tment  (73) ,  and  hea t  o r  u l t rav io le t  l igh t  inac t iva t ion  (86) .  
Inac t iva ted  vacc ines  wi thout  ad juvant  have  poor  e f f icacy  (237) .  
Ef f icacy  has  been  es tab l i shed  us ing  Freund ' s  comple te  ad juvant  (299) ,  
o i l  (88) ,  saponin  (73) ,  adsorbed  a luminum hydroxide  ge l  (103) ,  and  
sodium a lg ina te  (127) .  Adminis t ra t ion  of  two doses  of  ad juvanted ,  
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inac t iva ted  vacc ine  to  ca t t le  cons is ten t ly  induced  the  product ion  of  
serum neut ra l iz ing  an t ibodies  (151) .  
In t ranasa l  MLV vacc ine  induced  loca l  immuni ty  involv ing  in te r ­
feron  (60 ,  272 ,  274 ,  275 ,  302) ,  secre tory  ( IgA)  an t ibody (60 ,  272 ,  301 ,  
304)  and  ce l l -media ted  immuni ty  (60) .  Loca l - in t ranasa l  immune p ro­
tec t ion  a l so  was  induced  fo l lowing  parentera l  adminis t ra t ion  of  MLV 
vacc ine  (60)  o r  inocula t ion  of  inac t iva ted  vacc ine  in to  the  nasa l  
mucosa  (73) .  Ear ly  pro tec t ion  (40  to  96  hours )  was  demonst ra ted  
fo l lowing  vacc ina t ion  of  ca lves  wi th  in t ranasa l  (132 ,  274 ,  275)  o r  
in t ramuscular  (20)  MLV vacc ines .  
The  ex tens ive  use  of  MLV vacc ines  has  reduced  the  inc idence  of  
IBR d i sease  (31 ,  202)  bu t  there  a re  repor t s  where  vacc ina t ion  has  
fa i led  to  prevent  IBRV induced  resp i ra tory  t rac t  d isease  and  con­
junc t iv i t i s  in  ca t t le  (42 ,  94 ,  99) .  The  in t ranasa l  vacc ina t ion  of  
ca t t le  wi th  MLV vacc ines  resu l ted  in  the  shed  of  v i rus  f rom vacc ina ted  
an imals  (159 ,  272 ,  274 ,  275 ,  302)  and  subsequent  t ransmiss ion  of  IBRV 
to  nonvacc ina ted  an imals  (133 ,  159 ,  300 ,  302) .  Per iodic  shed  of  IBRV 
and  development  of  mi ld  c l in ica l  s igns  has  been  descr ibed  fo l lowing  
vacc ina t ion  of  ca t t le  wi th  in t ranasa l  MLV vacc ine  (94) .  Cor t icos te ro id  
t rea tment  of  an imals  tha t  had  been  vacc ina ted  wi th  MLV vacc ine  resu l ted  
in  the  reac t iva t ion  of  l a ten t  v i rus  infec t ion  (43 ,  242 ,  244 ,  304) .  
Subuni t  vacc ines  composed  of  on ly  the  necessary  an t igenic  sub-
uni t s  (v i ra l  s t ruc tura l  components )  requi red  for  evoking  pro tec t ive  
immuni ty  have  been  deve loped  for  inf luenza  v i rus  (224) ,  ves icu lar  
s tomat i t i s  v i rus  (114) ,  rab ies  v i rus  (71)  and  Seml ik i  Fores t  v i rus  
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(177) .  Severa l  inves t iga tors  (30 ,  126 ,  136 ,  192 ,  282 ,  298)  have  
demonst ra ted  tha t  subuni t  components  o f  herpesvi ruses  a re  immunogenic  
and  have  demonst ra ted  a  vacc ine  po ten t ia l  for  these  an t igens .  
Vi ra l  p ro te ins  a re  present  no t  on ly  in  the  v i rus  (259)  bu t  a l so  
in  ce l l  membranes  (78 ,  258)  and  in  ce l l  cu l ture  f lu ids  (111) .  Vi ra l  
p ro te in  synthes is  exceeds  requi rements  for  v i r ion  assembly;  therefore ,  
fa r  more  v i ra l  pro te ins  a re  present  in  infec ted  ce l l s  than  in  v i r ions  
(111 ,  280) .  The  pro tec t ive  an t igenic  subuni t s  of  enveloped  v i ruses  
a re  the  envelope  g lycopro te ins  (177) .  Herpes  s implex  v i rus  type  1  
(HSV-1)  conta ins  13  g lycopro te ins ,  a l l  of  which  a re  loca l ized  in  the  
envelope  (186 ,  205 ,  259) .  There  have  been  8  g lycosyla ted  pro te ins  
ident i f ied  in  IBRV (249) .  Al l  subuni t  HSV-1 immunogens  ob ta ined  f rom 
infec ted  ce l l  cu l tures  and  par t ia l ly  pur i f ied  v i rus  prepara t ions  and  
used  to  induce  serum neut ra l iz ing  an t ibodies  in  an imals  have  conta ined  
g lycopro te ins  (30 ,  126 ,  136 ,  137 ,  150 ,  192 ,  204 ,  282 ,  298) .  
The  immunogenic i ty  of  subuni t  vacc ines  i s  dependent  upon in t r ins ic  
or  in tegra l  membrane  p ro te ins  tha t  a re  assoc ia ted  wi th  the  hydrophobic  
core  of  the  phosphol ip id  b i layer  in  membranes  (177) .  The  amphiphi l ic  
charac te r  of  nonionic  de te rgents  enables  them to  d issoc ia te  the  membrane  
in to  smal l  f ragments  (80 ,  268) .  This  "gent le  so lubi l iza t ion"  of  pro­
te ins  wi th  nonionic  de te rgents  (140)  fac i l i t a tes  the  ex t rac t ion  of  
pro te in  an t igens  which  re ta in  the i r  na t ive  conformat ion  (143) ,  b io logic  
ac t iv i ty  and  immunogenic  p roper t ies .  I t  has  been  demonst ra ted  tha t  
nonionic  de te rgent  ex t rac ted  an t igens  f rom HSV-1 in fec ted  ce l l  cu l tures  
a re  immunogenic  in  an imals  (30 ,  136 ,  282) .  
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In  the  present  repor t  we have  eva lua ted  nonionic  de te rgent  
ex t rac ted  IBRV an t igens  as  subuni t  vacc ines  for  IBR.  
Mater ia l s  and  Methods  
Vi rus  -  The  Cooper  s t ra in  of  IBRV was  rece ived  a t  the  e ighth  
passage  leve l .® I t  was  passed  two t imes  in  bovine  lung  ce l l s  (BLU) 
O 
and  a  s tock  pool  conta in ing  1 .0  x  10  p laque  forming  uni t s  (PFU)  
per  ml  was  f rozen  a t  -70  C.  
Cel l  Cul ture  Methods  -  Cel l  cu l tures  u t i l i zed  in  th i s  s tudy  
(BLU ce l l s  a t  passage  leve l  15  to  33)  were  grown in  Eagle ' s  minimum 
essent ia l  medium (MEM) supplemented  wi th  10% y- i r rad ia ted  fe ta l  ca l f  
serum (PCS)  (hea t  inac t iva ted  a t  56  C fo r  30  minutes ) ,  0 .5% lac ta l -
bumin  hydro lysa te  and  an t ib io t ics  (100  un i t s  penic i l l in ,  100  yg  s t rep­
tomycin  su l fa te  per  ml) .  The  medium was  buf fered  wi th  0 .16% sodium 
b icarbonate  and  8  mM N-2-hydroxyethylp iperaz ine-N ' -2-e thanesul fonic  
ac id  (HEPES) .  Cul tures  were  incubated  a t  37  C in  a  5% COg a tmosphere .  
Vi rus  I so la t ion  -  Nasa l  secre t ions  were  co l lec ted  for  v i rus  
i so la t ion  by  inser t ion  of  a  15  cm co t ton- t ipped  swab to  i t s  fu l l  
length  in  the  l e f t  vent ra l  nasa l  meatus  and  manipula t ion  of  the  swab 
in  a  ro ta ry  mot ion  un t i l  sa tura ted .  Swab samples  were  immersed  in  
1 .0  ml  MEM conta in ing  an t ib io t ics  (200  un i t s  penic i l l in ,  200  yg  
kanamycin  su l fa te , ,  200  yg  s t rep tomycin  su l fa te  and  15  yg  amphoterac in  
B per .ml)  and  he ld  a t  4  C for  30  minutes .  Swabs  were  then  removed 
®Dr.  A.  S t ra t ing .  Nat iona l  Veter inary  Serv ices  Labora tory ,  
Ames ,  Iowa.  
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f rom the  medium and  the  medium was  f rozen  a t  -70  C un t i l  cu l tured .  
P laque  forming  un i t s  of  v i rus  in  spec imens  were  de te rmined  by  
inocula t ion  of  dupl ica te  cu l tures  of  BLU monolayers  wi th  se r ia l  
10- fo ld  d i lu t ions  ( in  MEM) o f  each  spec imen.  The  inocula  were  
adsorbed  for  60  minutes ,  monolayers  were  washed  wi th  MEM and  over ­
la id  wi th  1% agarose^  conta in ing  MEM, 5% PCS and  an t ib io t ics .  
Cul tures  were  incubated  a t  37  C fo r  72  hours  in  a  5% COg a tmosphere .  
The  cu l tures  were  f ixed  wi th  10% buf fered  formal in ,  the  agarose  layer  
was  removed and  the  ce l l  shee t  was  s ta ined  wi th  c rys ta l  v io le t .  The  
v i rus  t i t e r  was  de te rmined  by  enumera t ion  of  PFUs.  
At tempts  to  i so la te  infec t ious  IBRV f rom the  Tr i ton  an t igen  were  
2  
made  by  inocula t ing  BLU monolayers  (75  cm f lasks)  wi th  5  ml  o f  1 :10 ,  
1 :20 ,  1 :30  or  1 :50  d i lu t ions  of  the  an t igen  or  wi th  1  ml  o f  an t igen  
tha t  had  been  t rea ted  wi th  copolymer  beads^  as  descr ibed  previous ly  
(82) .  Fol lowing  a  50  minute  adsorp t ion  per iod ,  the  monolayers  were  
washed  th ree  t imes  wi th  MEM, and  main tenance  medium was  added .  At  
12  and  24  hours  incubat ion ,  the  medium was  removed f rom cu l tures  which  
rece ived  de tergent  conta in ing  inocula ,  the  monolayers  were  washed  
wi th  MEM and  the  main tenance  medium was  rep len ished .  Cul tures  were  
cons idered  negat ive  for  IBRV when cy topa th ic  e f fec t  (CPE)  was  no t  
observed  dur ing  three  se r ia l  passages  of  the  inocula  in  ce l l  cu l tures .  
'^Seakem ME Agarose ,  Mar ine  Col lo ids  Div is ion ,  FMC Corp . ,  
Rockland ,  Maine .  
^BioBeads  SM-2,  Bio-Rad Labora tor ies ,  Richland ,  Cal i forn ia .  
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Elec t ron-Microscopic  procedures  -  The  nega t ive  s ta in ing  proce­
dure  of  Brenner  and  Home (22)  was  u t i l i zed  to  examine  v i r ions  re ­
main ing  in  the  ce l l  p rec ip i ta tes  a f te r  vacc ine  product ion .  
P laque  Reduct ion-Neut ra l iza t ion  Tes ts  -  Ant i - IBRV serum 
neut ra l iza t ion  t i t e rs  were  de te rmined  by  p laque- reduct ion  neut ra l ­
iza t ion  tes t s .  Two-fo ld  serum d i lu t ions  of  hea t  inac t iva ted  serum 
(56  C fo r  30  minutes )  were  mixed  wi th  equal  volumes  of  MEM conta in ing  
1000 PFU IBRV per  ml  and  incubated  for  60  minutes  a t  37  C.  Monolayers  
o f  BLU ce l l s  in  35-mm,  6-wel l  p las t ic  t i s sue  cu l ture  p la tes  were  
inocula ted  wi th  0 .2  ml  o f  se rum-vi rus  mixture .  Af te r  adsorp t ion  of  
the  serum-vi rus  mixture  for  60  minutes  a t  37  C,  the  cu l tures  were  
washed  wi th  MEM, and  over la id  wi th  1% agarose  conta in ing  MEM, 5% PCS 
and  an t ib io t ics .  Cul tures  were  incubated  a t  37  C fo r  72  hours  and  
then  f ixed  wi th  10% buf fered  formal in .  The  agarose  layer  was  removed 
and  the  ce l l  shee t  was  s ta ined  wi th  c rys ta l  v io le t .  The  serum neut ra l ­
iza t ion  t i t e r  was  the  rec iproca l  of  the  h ighes t  serum d i lu t ion  tha t  
reduced  the  p laque  count  by  a t  l eas t  50%.  
2  Vacc ine  Product ion  -  The  BLU ce l l s  were  propagated  in  490 cm 
ro l le r  bo t t les  unt i l  monolayers  were  formed.  The  monolayers  were  
in fec ted  by  removing  the  medium and  adding  5  ml  o f  s tock  IBRV.  Af te r  
60  minutes  adsorp t ion  the  inoculum was  removed,  the  monolayer  was  
washed  wi th  MEM and  30  ml  o f  main tenance  medium (MEM conta in ing  5% 
PCS)  was  added .  The  ce l l s  were  incubated  a t  37  C wi th  ro l l ing  (1  rpm)  
un t i l  CPE was  comple te  (approximate ly  24  hours ) .  The  in fec ted  BLU ce l l s  
were  sc raped  f rom the  ro l le r  bo t t le  sur face  wi th  a  rubber  pol iceman.  
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The ce l l -medium mixture  was  cen t r i fuged  a t  100 ,000  x  g  for  1  hour .  
The  resu l tan t  pe l le t  was  so lubi l ized  us ing  the  fo l lowing  modi f ica t ion  
of  the  procedure  descr ibed  by  Ves tergaard  e t  a l .  (282) .  The  pe l le t  
was  suspended  in  0 .010  M g lyc ine  -  0 .038  M t r i s  (hydroxymethyl )  
aminomethane  (Tr i s )  (pH 9 .0)  conta in ing  0 .5% Tr i ton  X-100 (1  ml  per  
ro l le r  bo t t le ) .  The  resuspended  pe l le t  was  homogenized  wi th  a  Bounce  
homogenizer  and  sonica l ly  t rea ted  for  two-20  second cyc les  wi th  a  
sonica tor^  a t  a  se t t ing  of  90% e f f ic iency .  The  homogenate  was  then  
s t i r red  for  1  hour  a t  4  C,  The  mixture  was  cen t r i fuged  a t  100 ,000  x  g  
fo r  1  hour  and  the  superna tan t  f lu id  was  used  as  the  Tr i ton  an t igen .  
The  an t igen  was  s tored  a t  -70  C un t i l  used .  The  vacc ine  was  prepared  
by  mixing  equal  volumes  of  Freund ' s  comple te  o r  Freund ' s  incomple te  
ad juvant  and  emuls i fy ing  wi th  200  s t rokes  in  an  ad juvant  mixing  
appara tus .® A second subuni t  vacc ine  was  produced  us ing  2 .5% Nonide t  
P-40  (NP-40)  in  d i s t i l l ed  water  (150)  ins tead  of  the  buf fered  Tr i ton  
X-100 so lu t ion .  The  ex t rac t ion  procedures  used  were  as  descr ibed  
above  and  the  superna tan t  f lu id  was  used  as  the  NP-40 an t igen .  Cel l  
cont ro l  an t igens  were  produced  as  descr ibed  above  us ing  Tr i ton  X-100.  
Pro te in  Determina t ion  -  Pro te in  conten t  was  assayed  by  the  
method of  Lowry e t  a l .  (141)  us ing  bovine  serum a lbumin  as  the  s tandard .  
Pro te in  conten t  of  samples  conta in ing  nonionic  de te rgent  was  de te rmined  
"^Biosonik  IV,  Bronwi l l  VWR Sc ien t i f ic ,  Denver ,  Colorado .  
®Muls i  Churn  appara tus ,  Muls i  Je t  Inc . ,  Div is ion  of  Par t ic le  
Data  Inc . ,  Elmhurs t ,  I l l ino is .  
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us ing  a  modi f ied  Lowry procedure  (197) .  
Agar-Gel  Immunodi f fus ion  Tes t  -  A var ia t ion  of  the  Oucter lony  
two-dimens iona l  immunodi f fus ion  technique  (189)  was  u t i l i zed  in  
tes t ing  for  prec ip i ta t ing  an t ibodies .  Tes ts  were  per formed in  100-
X 11-  mm p las t ic  d ishes .  A base  layer  of  2  ml  o f  2% agarose  was  
over la id  wi th  5  ml  o f  1% agarose  conta in ing  0 .5% Tr i ton  X-100 (19)  
buf fered  wi th  0 .01  M g lyc ine  and  0 .0038 Tr i s  (pH 9 .0) .  S ix  8-mm wel l s  
were  cu t  a round an  8-mm center  wel l ,  l eav ing  4 .0  mm of  agar  be tween 
wel l s .  The  Tr i ton  X-100 an t igen  (100  y l )  was  p laced  in  the  center  
wel l .  Tes t  se ra  ( IBRV subuni t  vacc ina te ,  ce l l  cont ro l  vacc ina te  
and  PCS)  and  IBRV pos i t ive  re ference  serum^ (100  y l )  were  p laced  in  
a l te rna t ing  per iphera l  wel l s  as  descr ibed  by  Hayward  and  Augus t in  
(75) .  P la tes  were  incubated  a t  room tempera ture  for  48  hours .  Pre­
c ip i t in  l ines  were  v i s ib le  a f te r  24  hours  bu t  became more  d i s t inc t  a t  
48  hours  when resu l t s  were  recorded .  
Exper iment  1 :  Determina t ion  of  Subuni t  Ant igen  Immunoqenic i ty  -
Tr i ton  X-100 so lubi l ized  IBRV subuni t  an t igens  and  ce l l  cont ro l  an t i ­
gens  were  adminis te red  to  10  IBR seronegat ive  ca t t le^  in  two doses  
in jec ted  deep  in  the  neck  musc les  a t  21  day  in te rva ls  as  de ta i led  
(Table  1 ) .  Animals  were  observed  da i ly  throughout  the  s tudy  for  
c l in ica l  s igns  of  d i sease .  Recta l  t empera tures  were  recorded  for  
3  days  pr ior  to  vacc ina t ion  and  for  10  days  a f te r  vacc ina t ion .  
^Dr .  E .  Jenney ,  Nat iona l  Animal  Disease  Center ,  Ames ,  Iowa.  
^Provided  by  Beecham Labora tor ies ,  Whi te  Hal l ,  I l l ino is .  
Table  1 .  Exper iment  one :  Inocula t ion  schedule  for  de termining  the  immunogenic i ty  of  
Tr i ton  X-100 so lubi l ized  IBRV an t igens  
Dose  (ml) /  
Cal f  number  Inoculum inocula t ion  
1  Cel l  cont ro l  an t igens  wi thout  ad juvant® 1  
2  Cel l  cont ro l  an t igens  wi th  ad juvant  2  
3  Tr i ton  an t igen  wi thout  ad juvant  1  
4  "  1  
5  "  2  
6 " 2 
7 Tr i ton  an t igen  wi th  ad juvant  2  
8 " 2 
9 "  4  
10  "  4  
^Freund ' s  comple te  ad juvant  
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Nasal  secre t ions  were  co l lec ted  for  v i rus  i so la t ion  pr ior  to  
vacc ina t ion  and  on  days  2 ,  3  and  7  pos t -vacc ina t ion .  Serum samples  
were  co l lec ted  a t  weekly  in te rva ls .  
Exper iment  2 :  Determina t ion  of  Immune Pro tec t ion  -  Twenty  IBRV 
seronegat ive  ca lves ,  3  to  5  months  o f  age ,  were  randomly  d iv ided  
in to  5  groups  (4  in  each  group)  and  housed  in  separa te ,  enc losed ,  
i so la t ion  rooms throughout  the  s tudy .  Groups  of  ca lves ,  des igna ted  
1  to  5 ,  were  vacc ina ted  in t ramuscular ly  as  i l lus t ra ted  (Table  2 ) .  
Thi r ty  days  a f te r  vacc ina t ion ,  the  ca lves  were  adminis te red  a  s tandard  
cha l lenge  v i rus  inoculum^ (1  x  10^  PFU Cooper  s t ra in  IBR,  10 th  passage) .  
A gas-powered  a tomizer  was  used  to  de l iver  2  ml  o f  inoculum in to  each  
nos t r i l  as  prev ious ly  descr ibed  (248) .  
Calves  were  examined  da i ly  for  c l in ica l  s igns  of  d i sease  f rom 
7  days  p r ior  to  vacc ina t ion  unt i l  the  s tudy  was  t e rmina ted .  Recta l  
t empera tures  were  recorded  for  3  days  p r ior  to  vacc ina t ion ,  for  10  
days  fo l lowing  each  vacc ina t ion  and  for  14  days  fo l lowing  cha l lenge .  
Nasa l  secre t ions  were  co l lec ted  for  v i rus  i so la t ion  three  t imes  pr ior  
to  vacc ina t ion  and  da i ly  for  7  days  fo l lowing  the  in i t ia l  vacc ina t ion  
in  each  group.  Fol lowing  cha l lenge ,  nasa l  secre t ions  were  co l lec ted  
a t  the  fo l lowing  t imes :  5  minutes  pos t -cha l lenge;  15  minute  in te rva ls  
th ru  1  hour  pos t -cha l lenge;  hour ly  in te rva ls  thru  15  hours  pos t -
cha l lenge;  a t  18 ,  20 ,  22, 24 hours  pos t -cha l lenge;  and  a t  24  hour  
^Pro tocol ,  IBR Vaccine  Potency  Tes t ,  Chal lenge  Virus ,  
Nat iona l  Veter inary  Serv ices  Labora tory ,  Ames ,  Iowa.  
Table  2 .  Exper iment  two:  Vacc ina t ion  schedule  for  de te rmina t ing  the  e f f icacy  of  Tr i ton  X-100 
and  NP-40 so lubi l ized  IBRV subuni t  vacc ines  
Group number  Cal f  numbers  Vacc ine^  Doses  of  vacc ine  
1  1  to  4 Tri ton  X-100 so lubi l ized  
ce l l  cont ro l  an t igen  
1  
2  5  to  8  Tr i ton  X-100 an t igen  1  
3  9  to  12  NP-40 an t igen  1  
4  13  to  16  Tr i ton  X-100 an t igen  2b  
5  17  to  20  NP-40 an t igen  2  
^Each  vacc ine  cons is ted  of  1  ml  an t igen  and  1  ml  
Freund ' s  incomple te  ad juvant ,  
' ^Second dose  of  vacc ine  adminis te red  a t  30  days .  
in te rva ls  th ru  14  days  pos t -cha l lenge .  Serum samples  were  co l lec ted  
three  t imes  pr ior  to  vacc ina t ion  and  a t  weekly  in te rva ls  fo l lowing  
vacc ina t ion .  
Resul t s  
Examinat ion  of  Subuni t  Vacc ine  -  Tr i ton  X-100 and  NP-40 
so lubi l ized  an t igens  d id  not  conta in  cy topa thogenic  v i rus  as  de te r ­
mined  by  v i rus  i so la t ion  procedures .  E lec t ron  microscopic  examinat ion  
of  nega t ive  s ta ined  prepara t ions  of  the  pe l le t  which  remained  a f te r  
t rea tment  wi th  Tr i ton  X-100 and  NP-40 revea led  tha t  the  envelope  had  
been  d i ssoc ia ted  f rom a l l  herpes  v i r ions  examined  (approximate ly  
500 v i r ions  )  (F igure  1 ) .  
In  Exper iment  1 ,  the  Tr i ton  X-100 subuni t  vacc ine  conta ined  
4 .4  mg p ro te in  per  ml .  In  exper iment  2 ,  the  Tr i ton  X-100 subuni t  
vacc ine  conta ined  3 .5  mg pro te in  per  ml  and  the  NP-40 subuni t  vacc ine  
conta ined  5 .8  mg p ro te in  per  ml .  
In  the  agar -ge l  immunodi f fus ion  t es t ,  4  prec ip i t in  l ines  were  
formed be tween the  Tr i ton  X-100 so lubi l ized  an t igen  and  serum f rom 
animals  vacc ina ted  wi th  the  Tr i ton  X-100 subuni t  vacc ine  (F igure  2 ) .  
Prec ip i t in  l ines  were  no t  v i s ib le  be tween the  an t igen  and  fe ta l  ca l f  
serum or  se ra  f rom ca t t le  vacc ina ted  wi th  ce l l  cont ro l  an t igens .  
Exper iment  1 .  Determina t ion  of  Subuni t  Ant igen  Immunogenic i ty  -
Al l  10  an imals  in  exper iment  1  remained  c l in ica l ly  normal  th roughout  
the  s tudy .  Recta l  t empera tures  fo l lowing  vacc ina t ion  were  wi th in  
±1 C o f  tempera tures  recorded  pr ior  to  vacc ina t ion .  Virus  was  no t  
Figure  1 .  Elec t ron  photomicrograph  of  naked  herpesvi ruses  
f rom the  pe l le t  obta ined  fo l lowing  t rea tment  of  
IBR v i rus  infec ted  ce l l s  wi th  Tr i ton  X-100.  PTA 
nega t ive  s ta in ,  x  100 ,000 .  
F igure  2 .  Agar-ge l  immunodi f fus ion  p la te .  Note  4  p rec ip i t in  
l ines  formed be tween cent ra l  wel l  (A)  conta in ing  
Tr i ton  X-100 so lubi l ized  IBRV an t igen  and  wel l  C 
conta in ing  serum f rom ca l f  vacc ina ted  wi th  Tr i ton  
X-100 subuni t  vacc ine .  Hyper immune IBRV re ference  
serum was  p laced  in  B wel l s .  No l ines  a re  formed 
aga ins t  fe ta l  ca l f  serum (D)  o r  serum f rom ca l f  
vacc ina ted  wi th  Tr i ton  X-100 ex t rac ted  bovine  
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i so la ted  f rom nasa l  secre t ions  pr ior  to  or  fo l lowing  vacc ina t ion .  
Serum neut ra l iza t ion  t i t e rs  a re  de ta i led  (Table  3 ) ,  
Exper iment  2 :  Vacc ine  Chal lenge  S tudy  -  Fol lowing  vacc ina t ion ,  
4  of  4  cont ro l  ca lves  and  5  of  12  vacc ina tes  deve loped  indura ted  
swel l ings  a t  the  s i te  of  vacc ine  inocula t ion  and  febr i le  responses  
(40  to  41 .1  C)  tha t  pers i s ted  for  1  to  3  days .  Deep in t ramuscular  
inocula t ion  and  avoidance  of  " inoculum drag"  prevented  reac t ion  to  
the  second vacc ina t ion .  
Table  4  de ta i l s  the  serum neut ra l iza t ion  t i t e rs  fo l lowing  
vacc ina t ion  and  cha l lenge .  
The  average  tempera tures  of  ca lves  in  each  of  the  5  groups  
fo l lowing  in t ranasa l  cha l lenge  wi th  Cooper  s t ra in  IBRV a re  i l lus t ra ted  
(Figure  3 ) .  Fol lowing  in t ranasa l  cha l lenge  wi th  IBRV,  a l l  ca lves  in  
groups  2 ,  3 ,  4  and  5  remained  c l in ica l ly  normal  except  ca lves  5 ,  10  
and  11  which  deve loped  mi ld  resp i ra tory  t rac t  infec t ion .  Cl in ica l  
s igns  of  d i sease  inc luded  e leva ted  tempera ture ,  in t ranasa l  herpe t ic  
pus tu les  and  f ib r ino-necro t ic  nasa l  exudate .  The  c l in ica l  course  of  
d i sease  observed  in  ca lves  10  and  11  was  charac te r ized  by  an  e leva ted  
tempera ture  which  pers i s ted  beyond reso lu t ion  of  in t ranasa l  l es ions  
and  nasa l  exudat ion .  The  tempera ture  re turned  to  base- l ine  va lues  
24  hours  a f te r  an t ib io t ic  therapy  was  in i t ia ted  on pos t -cha l lenge  
day  9 .  Cal f  20  d ied  f rom causes  unre la ted  to  exper imenta t ion  ( rumen 
s tas i s )  on  pos t  vacc ina t ion  day  38 .  Pos t  mor tem examinat ion  d id  not  
revea l  ev idence  of  IBRV d i sease  or  any  les ion  a t  the  s i te  of  vacc ina­
t ion .  
Table  3 .  Exper iment  one :  Serum neut ra l iza t ion  t i t e rs  fo l lowing  in t ramuscular  adminis t ra t ion  
of  Tr i ton  X-100 so lubi l ized  IBRV subuni t  vacc ine  
Serum neut ra l iza t ion  t i t e r^  
Weeks  pos t  vacc ina t ion^  
Cal f  number  Vacc ine  Dose  (ml)  1  
1  Cel l  cont ro l  wi thout  ad juvant  1  <2 <2  <2  <2  <2 <2 <2  
2  Cel l  cont ro l  wi th  ad juvant^  2  <2 <2  <2  <2  <2  <2 <2  
3  IBRV subuni t  wi thout  ad juvant  1  <2 <2  <2  <2  <2 <2 <2  
4  I I  1 <2 <2 <2  <2  <2  <2 <2  
5  I I  2 <2 8  4  8  2  2  2  
6  I I  2 <2 4  4  8  8  8  4  
7  IBRV subuni t  wi th  ad juvant  2  <2  4  8  128 128 128  128 
8  " 2 <2 8  16  1024 512 512 512 
9  i l  4 <2 64  128  512 512 512 512 
10  I I  4 <2 64  64  1024 1024 512 512 
^Ti te r  expressed  as  the  rec iproca l  of  the  h ighes t  serum d i lu t ion  tha t  reduced  the  p laque  
count  by  a t  leas t  50%.  
^Second dose  of  vacc ine  adminis te red  a t  3  weeks .  
^Freund ' s  comple te  ad juvant .  
Figure  3 .  Average  tempera ture  response  of  ca lves  fo l lowing  
in t ranasa l  cha l lenge  wi th  Cooper  s t ra in  IBRV 30  days  
a f te r  vacc ina t ion  wi th  Tr i ton  X-100 and  MP-40 
so lubi l ized  subuni t  vacc ines .  
Symbol  s  :  
—= Group 1 ;  ce l l  cont ro l  
•  = Group 2 ;  Tr i ton  X-100,  1  dose  
= Group 3 ;  NP-40,  1  dose  
— — -  = Group 4 ;  Tr i ton  X-100,  2  doses  
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Exper iment  two:  Serum neut ra l iza t ion  t i t e rs  fo l lowing  in t ramuscular  adminis t ra t ion  
of  Tr i ton  X-100 and  NP-40 so lubi l ized  IBRV subuni t  vacc ines  
Serum neut ra l iza t ion  t i t e r® 
Subuni t  vacc ine^  Weeks  pos t -vacc ina t ion  Weeks  pos t -
cha l lenge^  
0 1 2 3 4 5 6 7 8  1 2  
Cel l  Cont ro l  
<2  <2  <2  <2  <2  <2  16  
<2 <2 <2  <2 <2  <2  32  
<2 <2 <2  <2  <2  <2  16  
<2 <2  <2 <2  <2  <2  32  
" i ton  X-100 
1  dose  <2 <2  16  16  32  128  512 
<2 2  8  16  16  -Not  Appl icable-  246  512  
<2 <2 8  16  16  32  512 
<2 2  4  16  32 128 512 
NP-40 
1 dose  <2 2  64  32  64  128  256 
<2 <2  32  32 64 128 512 
<2 2  64  32 64 256 512 
<2 4  64  32  64  256 1024 
Group 4  Tr i ton  X-100 
13  2  doses  <2 2  16  64  32  256 256 512  512 512  512  
14  <2 2  16  32  64  1024 1024 512 1024 512 512 
15  <2 2  8  8  8  256 256 128  128  64  512 
16  <2 2  8  8  8  256 256 128  128 128  128  
î roup  5  NP-40 
17  2  doses  <2 2  8  32  32  256 512 512 512  256 512  
18  <2 2  8  64  64  256 256 256  256 256 512  
19  <2 <2  32  32  64  256 256 256  128  128  256 
20  <2 2  16  16  16  16  128  -  d  
^Ti te r  expressed  as  the  rec iproca l  of  the  h ighes t  serum 
d i lu t ion  tha t  reduced  p laque  count  by  a t  leas t  50%.  
^Freund ' s  incomple te  ad juvant .  
^ In t ranasa l  cha l lenge  wi th  1  x  10® PFU Cooper  s ta in  IBRV 
v i rus  adminis te red  30  days  a f te r  l as t  dose  of  vacc ine .  
^Cal f  d ied  on  pos t -vacc ina t ion  day  58 .  
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Clin ica l  s igns  of  d i sease  and  cer ta in  da ta  re la t ing  to  shed  of  
v i rus  f rom cont ro l  ca lves  has  been  repor ted  previous ly  (144) .  
Chal lenge  exposure  of  cont ro l  ca lves  produced  a  severe  resp i ra tory  
d isease  charac te r ized  by  e leva ted  tempera ture  ( to  41 .7  C)  and  forma­
t ion  of  ex tens ive  f ibr ino-necro t ic  p laques  on  the  nasa l  mucosa .  
Vi rus  was  no t  recovered  f rom nasa l  secre t ions  pr ior  to  or  
fo l lowing  vacc ina t ion .  In  groups  2  and  3  cha l lenge  inoculum v i rus  
was  i so la ted  a t  5  min  and  15  min  pos t  cha l lenge  but  could  not  be  
i so la ted  f rom nasa l  secre t ions  of  ca lves  a t  30  minutes  a f te r  cha l lenge  
exposure .  Chal lenge  inoculum v i rus  could  not  be  i so la ted  f rom nasa l  
secre t ions  of  ca lves  in  groups  4  and  5  a t  5  minutes  a f te r  cha l lenge  
inoculum.  Fol lowing  the  in i t ia l  c learance  of  cha l lenge  v i rus  inoculum,  
v i rus  was  i so la ted  f rom nasa l  secre t ions  18  hours  a f te r  cha l lenge  in  
groups  2  and  3  and  a t  22  hours  in  group 4  (2  of  4  ca lves) .  Table  5  
de ta i l s  shed  of  v i rus  in  nasa l  secre t ions  for  days  1  to  14  pos t  
cha l lenge .  Vi rus  was  no t  i so la ted  f rom ca lves  in  group 5  fo l lowing  
in t ranasa l  cha l lenge  exposure .  
Discuss ion  
This  s tudy  has  demonst ra ted  tha t  subuni t  vacc ines  prepared  by  
Tr i ton  X-lOO and  Nr-40  so lubi l iza t ion  of  îBRV in fec ted  ce l l  cu l tures  
a re  immunogenic  and  e f f icac ious .  Tr i ton  X-100 subuni t  an t igen  was  
poor ly  immunogenic  when adminis te red  wi thout  ad juvant ;  however ,  h igh  
serum ant ibody t i t e rs  were  induced  in  a l l  an imals  vacc ina ted  wi th  




















Exper iment  two:  Vi rus  i so la t ion  fo l lowing  in t ranasa l  cha l lenge  of  ca lves  vacc ina ted  
wi th  Tr i ton  X-100 and  NP-40 so lubi l ized  IBRV subuni t  vacc ines  
Days  pos t  cha l lenge  
Subuni t  ~  ~  -
vacc ine  1  2  3  4  5  6  7  8  9  10  11  12  13  14  
Cel l  cont ro l  
Tr i ton  X-100 
1  dose  
NP-40 
3 .8® 5 .3  7 .4  7 .0  6 .7  5 .8  5 .5  3 .2  2 .5  _b  
2 .3  5 .0  5 ,7  7 .2  7 .3  6 .0  6 .2  6 .0  3 .0  -
3.0  4 .8  6 .8  7 .0  6 .8  6 .3  5 .9  4 .0  - -
3.7  5 .7  7 .7  7 .3  7 .0  6 .0  5 .5  3 .4  3 .0  -
- 3.0  5 .0  5 .8  4 .7  5 .9  - - -
- 3.0  3 .7  5 ,5  6 .0  5 .3  5 .0  - - -
- 2.3  2 .3  4 .2  6 .7  5 .6  5 .8  4 .0  - — 
2.9  1 .8  1 .5  
1  dose  -  1  .0  4 .6  4 .8  5 .0  3 .2  4 .3  2 .5  
- 1 .3  1 .7  4 .0  3 .0  4 .7  4 .0  
-  1 ,  .0  3 .4  4 .7  5 .2  4 .5  4 .5  1 .6  
1 .0  3 ,  ,5  5 .8  6 .0  6 .0  4 .5  2 .7  -
1.8 
Group 4  Tr i ton  X-100 
13  2  dosG'S  -  - -  - -  - -  - -  - -  -
15 1 .5  -  2 .3  2 .9  3 .7  4 .6  5 .6  4 .8  3 .0  2 .9  
16  1 .9  1 .2  1 .6  2 .6  1 .5  -  -  -  -  -  -  -
Group 5  NP-40 
17  2  doses  -  - -  - -  - -  - -  - -  -
^Virus  t i t e r  as  log  - j q  plaque  forming  uni t s /nasa l  swab.  
^No v i rus  de tec ted .  
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dose  of  Tr i ton  X-100 subuni t  vacc ine  prevented  c l in ica l  s igns  of  
d i sease  in  3  of  4  ca lves  cha l lenged  wi th  Cooper  s t ra in  IBRV and  NP-40 
subuni t  vacc ine  pro tec ted  2  of  4  cha l lenged  ca lves .  Al l  ca lves  were  
pro tec ted  f rom cha l lenge  a f te r  two doses  of  e i ther  vacc ine .  Resul t s  
demonst ra ted  tha t  one  dose  of  subuni t  vacc ine  markedly  modi f ied  the  
infec t ion  tha t  developed  in  ca lves  fo l lowing  cha l lenge .  Sero logic  
da ta  ind ica ted  tha t  the  f i r s t  dose  of  vacc ine  ac ted  as  a  "pr iming"  
dose  and  subsequent  vacc ina t ion  or  exposure  to  cha l lenge  v i rus  re ­
su l ted  in  a t  leas t  a  4- fo ld  increase  in  serum ant ibody t i t e r .  Addi ­
t iona l ly ,  i t  was  demonst ra ted  tha t  two doses  of  Tr i ton  X-100 subuni t  
vacc ine  prevented  shed  of  v i rus  f rom 2  of  4  cha l lenged  ca lves  and  two 
doses  of  NP-40 subuni t  vacc ine  prevented  shed  of  v i rus  f rom 3  of  3  
cha l lenged  ca lves .  
At tenuat ion  of  IBRV for  use  in  MLV vacc ines  has  been  repor ted  
to  reduce  immunogenic i ty  of  the  v i rus  (96 ,  239 ,  240) .  Severa l  in ­
ves t iga tors  have  repor ted  low serum ant ibody t i t e rs  fo l lowing  vacc ina­
t ion  wi th  IBRV vacc ines  (42 ,  60 ,  115 ,  159 ,  240 ,  274 ,  299 ,  301  ,  304) .  
Zygra ich  e t  a l .  (304)  repor ted  tha t  two doses  of  t empera ture-sens i t ive  
IBRV vacc ine  d id  not  prevent  re infec t ion  when vacc ine  s t ra in  v i rus  
was  adminis te red  a  th i rd  t ime.  
Chal lenge  of  IBRV vacc ina ted  ca t t le  wi th  v i ru len t  v i rus  resu l ted  
in  t rans ien t  e leva ted  tempera ture  (24 ,  103 ,  123 ,  159 ,  229) ,  mi ld  nasa l  
l es ions  (103 ,  123 ,  159 ,  229)  and  shed  of  v i rus  (60 ,  96 ,  123 ,  159 ,  
275 ,  300 ,  302) .  The  shed  of  v i rus  fo l lowing  in t ranasa l  cha l lenge  of  
IBRV vacc ina ted  ca t t le  has  been  a t t r ibu ted  to  res idua l  cha l lenge  
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inoculum (60 ,  159) .  In  th i s  s tudy ,  cha l lenge  v i rus  inoculum was  
i so la ted  f rom ca lves  in  groups  2  and  3  a t  5  and  15  minutes  a f te r  
cha l lenge  but  could  not  be  i so la ted  30  minutes  a f te r  cha l lenge .  In  
groups  4  and  5 ,  v i rus  could  not  be  i so la ted  f rom nasa l  secre t ions  
5  minutes  a f te r  cha l lenge .  These  f ind ings  a re  in  agreement  wi th  
prev ious  f ind ings  tha t  demonst ra ted  c learance  of  v i rus  inoculum f rom 
the  nasa l  mucosa  o f  nonimmune an imals  requi red  approximate ly  1  hour ;  
whereas ,  c learance  f rom immune an imals  requi red  less  than  5  minutes  
(144) .  
The  immunogenic i ty  o f  nonionic  de te rgent  so lubi l ized  herpesvi rus  
pro te in  has  been  demonst ra ted  by  o ther  workers .  Ves te rgaard  e t  a l .  
(282)  demonst ra ted  tha t  Tr i ton  X-100 was  capable  of  so lubi l iz ing  90% 
of  the  pro te in  conten t  of  HSV-1 in fec ted  ce l l s  and  ident i f ied  11  
prec ip i ta t ing  HSV-1 an t igens  (281) ,  inc luding  4  g lycopro te in  an t igens  
(283) .  Spear  and  Roizman (259)  repor ted  tha t  NP-40 t rea tment  quant i ­
ta t ive ly  removed envelope  g lycopro te ins  f rom HSV-1 v i r ions .  Ant i ­
bodies  aga ins t  HSV-1 envelope  g lycopro te ins  a re  capable  of  neut ra l iz ing  
the  v i rus  (200) .  Cappel  (30)  repor ted  tha t  NP-40 so lubi l ized  HSV-1 
subuni t  vacc ine  induced  both  humora l  and  ce l l -media ted  immune responses .  
In  the  present  s tudy ,  Tr i ton  X-100 and  NP-40 so lubi l ized  IBRV vacc ine  
induced  prec ip i ta t ing  an t ibodies^  induced  h igh  neut ra l iz ing  ant ibody 
t i t e rs ,  and  pro tec ted  cha l lenged  vacc ina tes  aga ins t  d i sease  and  
in fec t ion .  
Kahrs  (104)  s ta ted  tha t  IBRV vacc ina t ion  should  prevent  severe  
mani fes ta t ions  of  IBRV in fec t ions  but  could  not  be  expec ted  to  prevent  
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in fec t ion  of  the  super f ic ia l  mucosa ,  es tab l i shment  of  l a ten t  in fec­
t ions  or  reac t iva t ion  of  ex is t ing  la ten t  in fec t ions .  The  h igh  e f f icacy  
obta ined  wi th  vacc ines  in  the  present  s tudy  could  be  a t t r ibu ted  to  
the  fo l lowing  fac ts :  (1)  The  use  of  v i ru len t  of  "wi ld"  type  v i rus  
prec luded  loss  of  v i ra l  an t igens  through a t tenuat ion  or  repea ted  
ce l l  cu l ture  passage  (186 ,  241)  and  (2)  the  use  of  nonionic  de te rgents  
which  so lubi l ize  membrane  p ro te ins  wi th  minimal  d i s rupt ion  of  na t ive  
conformat iona l  and  immunogenic  s t ruc ture  (258) .  
Ut i l iza t ion  of  subuni t  vacc ines  in  the  prevent ion  of  IBRV in ­
fec t ion  would  provide  the  fo l lowing  advantages :  (1)  Subuni t  vacc ine  
does  no t  conta in  l ive  v i rus  and  therefore  cannot  be  t ransmi t ted  to  
o ther  an imals ,  cause  abor t ion  in  pregnant  cows o r  es tab l i sh  la ten t  
in fec t ions .  (2)  The  subuni t  vacc ine  prepara t ion  technique  removes  
caps id  pro te ins ;  therefore ,  d i f fe ren t  an t igens  a re  present  in  
na tura l  in fec t ions .  This  provides  a  po ten t ia l  for  development  of  
se ro logic  procedures  to  d i f fe ren t ia te  vacc ina tes  f rom na tura l ly  in ­
fec ted  an imals .  (3)  Subuni t  vacc ine  could  be  used  in  young ca lves  
possess ing  materna l  an t ibodies  (104 ,  198) .  (4)  Prevent ion  of  in fec­
t ion  by  use  of  the  subuni t  vacc ine  of fe rs  poten t ia l  for  e rad ica t ing  
IBR.  
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SUMMARY AND CONCLUSIONS 
This  s tudy  cons is ted  of  two par t s :  (1)  an  eva lua t ion  of  
the  rabbi t  as  a  labora tory  model  fo r  the  s tudy  of  IBRV in fec t ion  
and  (2)  an  eva lu t ion  of  the  safe ty  and  e f f icacy  of  nonionic  de te rgent  
ex t rac ted  IBRV subuni t  vacc ines .  
Exper imenta l  in fec t ion  of  labora tory  rabbi t s  wi th  IBRV pro­
duced  d i sease  mani fes ta t ions  which  inc luded  abor t ion ,  conjunct iv i t i s ,  
dermat i t i s ,  vu lvovagin i t i s ,  sys temic  in fec t ion ,  neonata l  dea th  and  
resp i ra tory  t rac t  infec t ion .  Each  d i sease  syndrome was  s tud ied  
us ing  v i rus  i so la t ion ,  f luorescent  an t ibody examinat ion  and  h i s to­
logic  examinat ion .  
Exper imenta l  IBRV in fec t ion  of  eas te rn  co t ton ta i l  rabbi t s  
caused  acute  kera toconjunct iv i t i s  and  a  fa ta l  sys temic  in fec t ion .  
Infec t ion  in  eas te rn  co t ton ta i l  rabbi t s  s t ressed  by cap t iv i ty  was  
s imi la r  to  infec t ion  exper imenta l ly  produced  in  dexamethasone  t rea ted  
labora tory  rabbi t s .  
Fol lowing  in t ranasa l  aerosol  exposure  of  ca lves  wi th  IBRV,  
v i rus  inoculum was  rap id ly  c leared  f rom the  nasa l  mucosa .  Nonimmune 
9  
ca lves  c leared  10  PFU IBRV f rom the  nasa l  mucosa  in  less  than  4  
hours  and  10^  PFU IBRV in  1  hour .  In  cont ras t ;  immune ca lves  
c leared  10^  PFU IBRV in  1  hour  and  10^  PFU IBRV in  less  than  5  
minutes .  The  da ta  show tha t  there  was  no  res idua l  v i rus  inoculum 
on the  nasa l  mucosa  beyond 4  hours  pos t  inocula t ion .  
Subuni t  IBRV an t igens  were  prepared  by  so lubi l iza t ion  of  
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IBRV in fec ted  ce l l  cu l tures  wi th  nonionic  de te rgents  Tr i ton  X-100 
and  NP-40.  Immunogenic i ty  o f  subuni t  an t igens  was  demonst ra ted  by  
induct ion  of  h igh  serum neut ra l iza t ion  ant ibody t i t e rs  in  vacc ina tes .  
Two doses  of  Tr i ton  X-100 and  NP-40 so lubi l ized  IBRV subuni t  vacc ine  
prevented  c l in ica l  s igns  of  d i sease  in  a l l  vacc ina tes  cha l lenged .  
wi th  Cooper  s t ra in  IBRV a t  30  days  pos t  vacc ina t ion .  Fur thermore ,  
two doses  of  NP-40 subuni t  vacc ine  prevented  infec t ion  in  a l l  
vacc ina tes  cha l lenged  wi th  Cooper  s t ra in  IBRV a t  30  day  pos t  vac­
c ina t ion .  
The  fo l lowing  conclus ions  can  be  made:  
1 .  The  rabbi t  i s  wel l  su i ted  as  a  labora tory  model  fo r  the  
s tudy  of  IBRV d isease  pa thogenes is  and  may be  su i ted  for  
s tudying  IBRV l a ten t  in fec t ion ,  de te rmining  pa thogenic i ty  
of  v i rus  s t ra ins  and  eva lua t ing  vacc ine  sa fe ty  and  e f f icacy .  
2 .  Vi rus  inoculum adminis te red  by  in t ranasa l  aerosol  exposure  
i s  rap id ly  c leared  f rom the  bovine  nasa l  mucosa .  Res idua l  
IBRV inoculum cannot  be  de tec ted  on  the  nasa l  mucosa  beyond 
4  hours  pos t  inocula t ion .  
3 .  Exper imenta l  subuni t  IBRV vacc ines  a re  safe  and  e f f icac ious ,  
Subuni t  IBRV vacc ine  prevents  d i sease  in  cha l lenged  
vacc ina tes .  Fur thermore ,  subuni t  IBRV vacc ine  conta in ing  
NP-40 so lubi l ized  an t igens  can  prevent  in fec t ion  when 
vacc ina tes  a re  cha l lenged .  
Resul t s  ob ta ined  in  these  s tud ies  have  answered  some ques t ions .  
However ,  these  s tud ies  have  ident i f ied  the  fo l lowing  addi t iona l  
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em a reas  for  fu ture  research:  
1 .  Fur ther  s tudy  i s  needed  to  e luc ida te  the  cause  of  IBRV 
induced  abor t ion  in  the  rabbi t .  
2 .  The  rabbi t  model  o f  IBRV in fec t ion  needs  addi t iona l  
s tudy  to  de termine  whether  l a ten t  in fec t ion  i s  es tab l i shed  
and  whether  the  la ten t  infec t ion  can  be  recrudesced .  
3 .  The  subuni t  IBRV an t igens  need  to  be  charac te r ized  and  
pur i f ied .  The  immunogenic i ty  of  ind iv idua l  IBRV g lyco­
pro te ins  needs  to  be  de te rmined .  
4 .  The  subuni t  vacc ines  descr ibed  in  th i s  s tudy  need  to  be  
s tud ied  fur ther  to  ver i fy  these  f ind ings  in  la rger  numbers  
o f  ca lves  and  to  eva lua te  the  vacc ine  under  f ie ld  condi t ions .  
The  dura t ion  of  immuni ty  induced  by  subuni t  IBRV vacc ine  
needs  to  be  de te rmined .  
5 .  Sero logic  t es t  procedures  need  to  be  deve loped  to  d i s t in -
quish  subuni t  IBRV vacc ina tes  f rom ca lves  vacc ina ted  wi th  
whi le  v i rus  vacc ines  and  f rom ca lves  na tura l ly  infec ted  
wi th  IBRV.  
6 .  Addi t iona l  research  i s  needed  to  e luc ida te  the  humora l  
and  ce l l -media ted  immune mechanisms involved  in  c learance  
of  v i rus  inoculum and c learance  of  rep l ica t ing  v i rus  
f rom the  nasa l  mucosa  in  ca lves .  
7 .  Addi t iona l  research  i s  needed  to  de termine  i f  subuni t  
IBR vacc ines  wi l l  p revent  l a ten t  in fec t ion .  
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